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The golf swing involves a complex sequence of body movements which adjust 
according to the demands of a given shot. The purpose of this study was to determine 
common characteristics and essential elements of the golf swing under various 
conditions. The swing patterns of thirteen elite professional golfers were analyzed using 
three-dimensional kinematics to determine the essential elements of optimal movement 
patterns for distance (DS; 1W), accuracy (AS; 81), and intermediate (IS; 31) shots, and a 
general model of golf swings. 
Two high-speed video cameras (250 frames per second) recorded frontal 
and sagittal views of the golf swings. Three-dimensional data were subsequently 
normalized across; (a) duration of each swing (N1) and (b) range of values and duration 
(N2). For these normalized data sets, F and t-tests were calculated for each kinematic 
variable for each point in normalized time across conditions. An ensembled plot was 
created for each data set and commonality and uniqueness analysis techniques were used 
to determine the essential elements of the golf swing. 
Despite similarities in the temporal characteristics of the golf swing across 
conditions, significant differences were observed in the top of swing positions (TOS). 
Lower body TOS preceded upper body TOS which preceded club TOS (p<.01). This 
sequencing suggested the existence of a "wind up motion" preceding downswing. The 
range of rotation for the hip, shoulder, and golf club segments were significantly different 
across conditions (DS>IS>AS, p<.05). Adjustment in the rotations depended upon the 
club selection and was proportional to the duration of the swing and the range of motion 
of the three segments. 
Commonality analysis results indicated that an optimal golf swing may be 
represented by a single model rather than a specific model for each golf club. The critical 
element during the swing was the constraint of the right knee and hip during the take 
Redacted for Privacyaway phase. During take away, the lower body rotated about the right leg while the upper 
body rotated about a point near mid-shoulders. For all clubs, the "wind up motion" 
initiated the downswing phase and was perhaps responsible for an initial delay of wrist 
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USED BY ELITE GOLFERS  
1. INTRODUCTION  
Golf is a popular game and recreational activity in many countries. For some 
golfers, it is a competitive game while for others it may be simply a recreational or a 
health objective physical activity. At all levels, the main concern of golfers is to improve 
their skill level to become more competitive or to enhance enjoyment of the game of golf. 
Golf equipment industries have devoted a considerable amount of research effort in order 
to improve the playability of their equipment. As a result, a recent innovation in golf club 
design has been said to bring a breakthrough in the game of golf. On the other hand, the 
number of studies which dealt with biomechanics of golf swings that would yield results 
that may clarify the mechanics of golf swings is quite small as compared to other popular 
human movements. Consequently, a golfer may still be overwhelmed by a considerable 
amount of information from books, magazines, and other golfers when trying to improve 
his/her skill level. Most of the information is not based on scientific explanation resulting 
in considerable confusion among golfers. The information from instructional books 
and/or lessons from teaching professional golfers often fails to provide the explanation of 
the movement of the golf swing by means of biomechanics as well as a linked segment 
model of human body resulting in a considerable fragmentation of the movement. In 
addition, an appropriate and an effective method of analyzing the golf swing has not been 
empirically defined. In order to define an appropriate method of analyzing the golf swing 
as well as to determine the effective method of teaching golf swings, it is first necessary 
to determine the essential elements of golf swings which have been employed by elite 
golfers. 
There are three main components in the purpose of every golf shot: distance, 
accuracy, and consistency. Distance versus the other two components involves distinctive 
and conflicting requirements. For a majority of golfers, these three components rarely 
occur simultaneously while professional golfers somehow maintain high levels of 
performance of these three components. It has been said that it is not possible to develop 
a model of the optimal golf swing since every golfer seems to have a different swing. 
However, for each movement performed, there are some essential elements of the 2 
movement which have to be employed in order to effectively perform the required 
movement. 
Besides these three main components of golf shots, there are other factors that 
have to be dealt with when investigating golf shots. It has been said that there is no one 
golf shot that would be performed under exactly the same situation. That is, for every 
golf shot performed, there is a unique combination of these components. For instance, 
for a recovery shot from a tree line, accuracy and consistency components are more 
important than distance component. While for a tee shot on a long but wide open hole, the 
distance component may be more important than the other two. In any situation, a golfer 
has to adjust the movement pattern in order to satisfactorily accomplish the purpose of the 
shot. In addition, an analysis of golf swings becomes more complex due to the rules of 
golf which allows the use of fourteen golf clubs in any round of golf. 
It would be impossible to scientifically investigate all possible situations of golf 
shots since the number of combinations between the golf club used for the shot and the 
relative significance of each of three components of the golf shot would be unlimited. 
However, a simplified explanation of the relationships among the three components of 
golf shots and a club used to perform the golf shot can be provided as follows: in a 
normal golf shot, the longer the length of the golf club used to perform a shot, the greater 
the importance of the distance component of the shot, or vice versa. For the purpose of 
the simplification in determining the essential elements of golf swings, it would be 
appropriate to categorize golf shots into three distinctive groups: a shot in which the 
distance component is the most important (distance shot or DS), a shot in which accuracy 
is the most important component (accuracy shot or AS), and a shot which falls between 
former two categories (intermediate shot or IS). It is therefore quite appropriate to 
separately determine the essential elements of golf swings for each of the three categories. 
In addition, it would be beneficial to investigate shared movement components present in 
all three golf shot categories in order to investigate the basic movement components 
which are necessary to perform effective golf shots. 
Research concerning the various aspects of the golf swing has been carried out by 
several investigators using various techniques. The first scientific study of golf swing 
was carried out by Slater-Hammel (1948) in which muscle electrical activity patterns were 
analyzed. Carlson (1967) investigated the kinematics and kinetics of the golf swing in 
relation to the muscle electrical activity by utilizing two-dimensional cinematography, 
electromyography, and a force platform. Cochran and Stobbs (1968) summarized the 
extensive investigation sponsored by the Golf Society of Great Britain and proposed the 3 
two-dimensional double pendulum model of the golf swing. Several investigators have 
carried out studies in order to understand the kinematics and kinetics of the golf swing 
based on the assumption that the double pendulum remained in "the swing plane" during 
the downswing phase. Williams (1967) and Jorgensen (1970) studied the same 
stroboscopic photograph of Bobby Jones' golf swing by utilizing mathematical modeling. 
The effects of various club parameters were evaluated through the use of a two-
dimensional dynamic model (Budney & Bellow, 1979), while optimal control theory in a 
two-dimensional model was adopted in order to determine the parameters contributing to 
maximize the distance of the golf drive (Lampsa, 1975). Milburn (1982) further studied 
the two-dimensional double pendulum model using high-speed cinematography. The 
results of these studies utilizing the two-dimensional double pendulum model tended to 
support the idea that the delayed wrist uncocking was essential to obtain a greater 
clubhead speed at the moment of impact. Three-dimensional analysis of the golf swing 
has been carried out by Vaughan (1981) and Neal and Wilson (1985) by utilizing three-
dimensional cinematographic technique and force platforms. These studies found that the 
golf club did not remain in "the swing plane" during the downswing phase. Williams and 
Cavanagh (1983) investigated the foot action by utilizing force platforms and three-
dimensional high speed cinematography to develop better golf shoes. Richards, Farrell, 
Kent, and Kraft (1985) were interested in the relationship between skill level and weight 
transfer pattern during the golf swing. 
In solving any research question, it is essential to first clearly define the essential 
elements of the phenomena of interest. After appropriately defining the essential elements, 
it is quite possible to effectively identify further research topics to build a theory 
concerning the phenomenon of interest. On the other hand, if the basic question has not 
been answered appropriately, it is quite difficult to identify further research questions. 
Consequently, the results of the future research studies are likely to create fragmentation 
rather than contributing to theory building. 
The majority of the previous research concerning the mechanics of golf swings, 
unfortunately, has failed to answer the basic questions. Rather it has been dealt with too 
narrow a topic of golf swings. In addition, the majority of previous research has 
employed over simplified and/or ill-defined assumptions in analyzing golf swings 
because of the lack of basic scientific knowledge concerning the golf swing. Because of 
the lack of the knowledge based on the basic research concerning the mechanics of the 
golf swing, the results of these studies have provided little practical significance for actual 
golf swing skill improvement. It is, therefore, quite necessary to pursue research in order 4 
to determine the essential elements of effective golf swing performance before carrying 
out much in-depth study. 
Three main elements of the golf shot can be defined as distance, accuracy, and 
consistency. Obviously, an effective golf swing cannot be achieved by simply 
maximizing a clubhead speed at the moment of impact. In order to perform an effective 
golf swing, it is necessary for a golfer to satisfy at least the following four criteria: 
1.	  to perform a golf swing with maximum manageable clubhead speed at the 
moment of impact; 
2.	  to perform a golf swing so that the club face moves straight through the 
ball towards the target with the clubhead square to the target line at the 
moment of impact; 
3 .  to perform a golf swing so that the impact between a ball and a club face 
occurs close to the center of the club face or within the sweet area of the 
golf club; and 
4.	  to perform a golf swing with a high degree of consistency while satisfying 
the first three criteria. 
In addition, for the majority of human movement, a sequence of the movement is 
quite important in order to effectively and appropriately perform the required movement. 
That is, it is not very likely to achieve an effective and an appropriate movement simply 
performing one discrete movement or position, rather it is necessary to execute a series of 
appropriate movements in an appropriate sequence. For a golf swing, it is not feasible to 
perform an effective golf swing without accomplishing a proper sequence of the 
movement. 
In order to characterize such a movement, the sequence of the movement that 
produces the appropriate result has to be investigated. This would be more true if the 
movement is more complex and the result of the study will be utilized for practical 
applications. Hence, it is quite necessary to investigate the movement not by discrete data 
which tend to evaluate only the result of the movement but continuous data which would 
characterize the movement process that produces the effective movement as well as the 
result. 
A golf swing is a quite complex movement and every golfer may seems to have 
different movement pattern. It is probably true that a competitive golfer does not 
necessarily possess a good-looking golf swing. However, it is also very true that 
competitive golfers are capable of executing golf shots in effective and appropriate 
manners. Considering the highly consistent and effective performance of competitive 5 
golfers, it would be safe to assume that there are several essential elements required to 
perform effective golf swings. Therefore, by determining the essential elements of golf 
swing, it would be quite possible to clarify the mechanics of the golf swing. In order to 
determine the essential elements of golf swings, it would be necessary to investigate as 
many kinematic variables as possible. In addition to quantitatively analyze all the possible 
kinematic variables of golf swings to determine the essential elements of golf swings, it 
would be also necessary to descriptively analyze the obtained data in order to investigate 
the meanings of the findings of the research. The latter component is especially important 
in order to utilize the results of the scientific research for real world application. 
1.1. Statement of the Problem 
The main purpose of the present study was to determine the essential elements of 
golf swings that represent the optimal movement pattern for three distinctive categories of 
golf shots: (a) distance shots (DS), (b) accuracy shots (AS), and (c) intermediate shots 
(IS), as well as to determine common movement patterns which exist among the three 
categories. 
Definitions of these three distinctive categories of golf shots are: 
DS :  The golf shots in which the distance component is the most significant 
such as a tee shot using Driver (1W) on a relatively long and wide open 
par-4 or par-5 hole. DS for the present study is represented by golf shots 
using a 1W. 
AS :  The golf shots in which the accuracy component is the most important 
such as an approach shot within 150 yards or a tee shot on a par-3 hole. In 
the present study, the AS is represented by golf shots using an 8-iron (8I). 
IS :  The golf shots in which both the distance and the accuracy components are 
equally important such as a second shot on a par-4 or par-5 hole. In the 
present study, IS is represented by the golf shots using a 3-iron (3I). 
In order to achieve the main purpose of the present study, three sub purposes are 
defined: (a) to develop a data base from elite golfers; (b) to define the common variables 
that exist among elite golfers for each of three categories of golf shots defined; and (c) to 
define the shared movement components for the three categories of golf shots as well as 
for the common shots. 6 
Selected kinematic variables were utilized in order to achieve these purposes. 
Specifically, selected joint and segmental displacement, velocity, and acceleration in linear 
and angular senses were analyzed by utilizing a three-dimensional high-speed video 
analysis technique. 
The results of the present study will be added to the limited body of knowledge 
explaining golf swing biomechanics. In addition, valuable insight may be gained 
concerning the practical application of biomechanics to develop and maintain a better golf 
swing. 
1.2. Research Hypotheses 
Based on review of literature as well as on practical experience, the following 
research hypotheses are given: 
1.	  Despite a variety of golf swing techniques used by elite golfers, some 
characteristics which are essential elements of the golf swing are common 
across the group. 
2.	  Golf swing kinematic characteristic differ across the distance, accuracy, 
and intermediate shot categories. 
1.3. Operational Definitions 
Subjects for the present research consisted of elite golfers. More specifically, 
these golfers were members of the Japan Professional Golf Association (JPGA) who 
have competed in The Gene Salazen Jun Classic Golf Tournament which is one of the 
official JPGA Tour events. The golf shots were performed by using 1W, 31 and 81, 
representing DS, IS and AS, respectively, with three shots each, for a total of nine shots 
for each subject. 
In order to achieve the purposes of the present study, selected kinematic variables 
were analyzed by using ensembled plots and continuous statistical test result plots in 
conjunction with the twenty-five swing events defined above. Specifically, each golf 
swing performance was recorded by the use of two Nac HVC-500 high-speed video 
systems operated at the rate of 250 frames per second (fps) in order to determine the 
essential elements of golf swings. The recorded golf swing performances were digitized 
by utilizing Peak Performance 3D Motion Measurement System and the kinematic 7 
variables were derived by utilizing custom written Quick BASIC programs. These 
kinematic variables included temporal parameters and selected joints and segmental linear 
and angular displacement, velocity, and acceleration. Each of the selected kinematic 
variables was calculated and normalized to the duration of the swing and the range of the 
value of each variable in order to define the essential elements of the golf swings of the 
elite golfers. The data collection of elite golfers was carried out at the outdoor driving 
range at The Gene Salazen Jun Classic Golf Tournament in order to obtain the real 
performance of the elite golfers. 
1.4. Delimitations of the Study 
Subjects for the present study were thirteen volunteer professional golfers who 
were members of the JPGA and who competed in The Gene Salazen Jun Classic Golf 
Tournament in 1992. Among these subjects, three were Caucasian, and ten were Asian. 
The golf shots were performed by using 1W, 31, and 81, three shots each, for a 
total of nine shots for each subject. Each golf shot was performed in a normal and 
comfortable manner but the target of the shot was specified. Subjects were allowed to 
have one to three minutes rest between trials in order to minimize any effect of fatigue. 
The order of the subjects and the golf shots was randomly assigned. 
1.5. Limitations of the Study 
Because of the nature of biomechanical research, researchers are often forced to 
compromise between sample size and number of trials. By increasing the number of 
subjects while decreasing the number of trials, there would be a possibility of concealing 
real performance differences among individual subjects resulting in no statistically 
significant difference. On the other hand, by decreasing the number of subjects while 
increasing the number of trials, it would be difficult to obtain generalizability of the 
results. In addition, the nature of intraindividual performance variability, insufficient 
sample size, and/or variable golf swing techniques employed by individuals may be 
reflected as insufficient statistical power. Considering the situation where the data were 
collected, which was the outdoor level-surface driving range, the golf shots performed 
may not fully represent real golf swing performance. Since golfers are allowed to utilize 8 
14 golf clubs, the selection of the golf clubs utilized in the present study may not 
thoroughly represent the real golf swing performance. In addition, the use of their own 
golf clubs for the data collection may limit the generalizability of the results. 
1.6. Assumptions of the Study 
It was assumed that the subjects were free from any injury or physical 
dysfunction that would affect their golf swing performances. Considering this 
assumption as well as the amount of rest allowed between trials, which was one to three 
minutes, it was also assumed that the effect of fatigue on golf shot performances was not 
responsible for any differences observed in the present study. Considering the skill level 
of the subjects for the present study, it was also assumed that golf swing performances 
were consistent within an individual subject and club used and appropriately represent the 
optimal performance of golf swings. 
1.7. Definitions 
Terms having significant meaning within the context of the present study were 
defined in this section. Other terminology is consistent with those recommended by the 
International Society of Biomechanics (1986). 
Absolute Segment vs. Segment Angle: 
The angle formed in space between two unconnected segments. 
Cock: 
The movement of the wrist which makes the angle between forearm and 
golf club smaller. 
Commonality Analysis: 
The method utilized in order to determine the common movement 
components among conditions. There were four different types of 
commonality analyses: (a) point analysis, (b) segment analysis, (c) joint 
analysis, and (d) angle analysis for each of three kinematic data; 
displacement, velocity and acceleration. For each type of commonality 
analysis, there are four sets of analyses: (a) F-test, which examined the 
commonality among three conditions, (b) t-test 1W vs. 31, which tested 9 
the commonality between DS and IS, (c) t-test 1W vs. 81, which 
determined the commonality between DS and AS, and (d) t-test 31 vs. 81, 
which investigated the commonality between IS and AS. 
Commonality Plot: 
One of the continuous data plots utilized in the present study in order to 
evaluate the result of the statistical testing performed. The commonality 
plot was utilized to investigate if there were similar or common movement 
components in golf swings employed by elite golfers. More information 
on the commonality plot is provided in Figure 3.11. 
Commonality Stick Figure: 
The series of stick figures which descriptively shows if there were any 
similar or common movement components in the golf swing employed by 
elite golfers. More information on commonality stick figures is provided 
in Figure 3.13. 
Continuous Data Plot: 
Strictly speaking, any digitally sampled data set involves discrete data. 
However, since each data set was plotted against time or a normalized 
temporal axis and analyzed as if the data set was continuous, the plot was 
called continuous data plot. 
Elite Golfer: 
A golfer who possesses high level of golf skill and whose golf swing 
movement represents the optimal golf swing. 
The number of golfers in Japan is approximately 1 million and the number 
of the members of JPGA is approximately 3000. Whithin the members of 
JPGA, top 100 golfers are eligible to compete in the official JPGA 
tournaments. Therefore, the elite golfers served as subjects for the present 
study would represent at least top .01 percent of the golf population in 
Japan. 
Ensembled Plot: 
The continuous data plot which plots mean value and 90% confidence 
band against normalized temporal axis. More information on the 
ensembled plot is provided in Figure 3.10. 
Essential Elements: 10 
The movement sequences, movement patterns, or movement components 
that are necessary to be employed to perform optimal golf swings. 
F-test Plot: 
The continuous data plot which plots calculated F value (a=.10) against 
normalized temporal axis. More information on the commonality plot is 
provided in Figures 3.8 and 3.9 
Joint Angle Projected onto Plane: 
The joint angle projected onto a reference plane which is the same as a 2D 
joint angle. 
Joint Kinematic Analysis: 
In addition to segment kinematic analysis, kinematic variables were 
evaluated by using joint by joint approach. Specifically, the analysis was 
performed by simultaneously investigating the three sets of linear 
kinematic data which define a joint of interest. 
Lie Angle: 
The angle formed between club shaft and horizontal reference at the ball 
address. 
Relative Joint Angle: 
The angle formed in space between two adjacent segments. 
Relative Variable: 
The value of the variable relative to a specific value defined. For example, 
segmental angular displacement can be expressed in terms of the range of 
angular displacement of the segment of interest. Relative variables were 
obtained by performing a normalization process. In the present study, two 
normalization processes were utilized; (1) a set of data was temporally 
normalized so that the resultant data set had 200 data points regardless of 
the actual duration of the golf swing, and (2) the temporally normalized 
data set was re-normalized based on the range of the value of each 
variable. Hence, each data set had a maximum value of 1 and a minimum 
value of 0. 
Segment vs. Axis Angle Projected onto Plane: 
The angle formed by a segment relative to a reference axis projected onto a 
defined reference plane. 
Segment vs. Segment Angle Projected onto Plane: 11 
The angle formed by two unconnected segments relative to a defined 
reference plane. 
t-Test Plot: 
The continuous data plot which plots calculated t value (a=.10) against 
normalized temporal axis. More information on the commonality plot is 
provided in Figures 3.8 and 3.9. 
Uncock: 
The movement of the wrist which makes the angle between forearm and 
club larger. 
Uniqueness Analysis: 
The method utilized in order to determine the unique movement 
components exist for each of three conditions. There were four different 
types of uniqueness analyses: (a) point analysis, (b) segment analysis, (c) 
joint analysis, and (d) angle analysis for each of three kinematic data; 
displacement, velocity and acceleration. 
Uniqueness Plot: 
One of the continuous data plots utilized in the present study in order to 
evaluate the result of the statistical testing performed. The uniqueness plot 
was used to investigate if there were unique movement components in golf 
swings employed by elite golfers for a specific golf club used. More 
information on the uniqueness plot is provided in Figure 3.12. 
Uniqueness Stick Figure: 
A series of stick figures which descriptively shows if there were any 
unique movement components in the golf swing employed by elite golfers 
for a specific golf club used. More information on uniqueness stick 
figures is provided in Figure 3.13. 12 
2. REVIEW OF LIIERATURE 
In order to study golf swings, researchers have generally examined the human 
motion factors influencing the swing movement. The methods for the analysis can be 
categorized into two major groups: two-dimensional and three-dimensional analysis. In a 
two-dimensional analysis, a motion of interest is assumed to occur in a defined plane as 
compared to the typical human motion which usually occurs in three-dimensions. In the 
1980's, availability of high-speed personal computers and three-dimensional analysis 
techniques enabled researchers to perform three-dimensional analysis of human 
movement. This review of literature is carried out by categorizing selected research into 
two main categories: two-dimensional analysis and three-dimensional analyses. 
2.1. Two-Dimensional Analysis 
In 1948, Slater-Hanunel examined the muscle electrical activity patterns of four 
male subjects during the golf swing. Selected muscles of the upper body which were 
considered to be significantly utilized during the golf swing were analyzed by use of 
electromyography (EMG). The results of the study suggested that the golf swing was not 
a ballistic motion in nature, since the muscle activities of the hands and the arms were the 
primary contributors for club head acceleration as evidenced by the electromyographic 
recording at the top of the swing. However, since the research utilized only selected 
muscles of the upper body the results were not conclusive. Contrary to Slater-Hammel's 
suggestion, Karr (1952) and Garrison (1963), using more sophisticated methods and 
highly-skilled golfers, concluded that the golf swing was ballistic in nature and the 
downswing phase of the golf swing was initiated by large muscle groups of the back. 
2.1.1. Double Pendulum Model 
In the 1960's, an increased number of scientific studies concerning the golf swing 
were conducted. Cochran and Stobbs (1968) carried out an in depth study sponsored by 
the Golf Society of Great Britain. The study dealt not only with the golf swing but also 
with other aspects of golf, including clubs and balls. The major contribution of the study 13 
was to generalize the use of modeling in the analysis of the golf swing. Along with 
Cochran and Stobbs, other researchers utilized a double pendulum model to examine the 
golf swing. The model consisted of two segments. The upper segment represented 
shoulders and arms and was considered a rigid segment rotating about a fixed point 
somewhere between right and left shoulders. The actuator torques on this link were 
determined by forces produced by arms and shoulders as well as torques transferred from 
trunk and legs to the axis of rotation. The lower segment represented a golf club which is 
hinged by the wrist joint with the upper segment. The actuator torques on this segment 
were a result of the moments produced at the wrist joint. The major assumptions of this 
model were (a) the motion of the model occurs in a single plane and (b) a golfer properly 
positions and aligns club head and his/her body parts at the top of the swing. 
This model comprehensively explains a typical motion of shoulders, arms, and 
golf club during a golf swing in the following ways: (a) the forces generated by the leg 
and trunk of a player are transferred as a rotational couple into the model which swings 
the model around a fixed point, (b) at the beginning of the downswing phase, there is an 
angle of approximately 90 degrees between two lower segments which remains relatively 
constant during the beginning stages of the downswing phase, (c) in the latter stages of 
the downswing phase centrifugal force begins to act on the lower segment straightening 
the hinge at the wrist joint resulting in the deceleration of the upper segment, and (d) the 
deceleration of the upper segment enables energy transfer from the proximal to the distal 
segments resulting in the rapid angular acceleration of the lower segment during the latter 
stages of the downswing phase. Cochran and Stobbs (1968) stated that the double 
pendulum model is capable of transferring up to four-fifths of the total energy generated 
during the downswing phase to the club head at impact. Based on this principle, the 
double pendulum model produces approximately twice as large a club head velocity as a 
fixed-hinge model for the same amount of energy generated during the swing. 
The result of the analysis of stroboscopic photographs as well as cinematographs 
of professional golfers by Cochran and Stobbs (1968) revealed a certain degree of 
uniformity and simplicity among those golfers. During the backswing phase, golfers 
positioned and aliged the swing plane and their body appropriately to the ball. At the top 
of the swing, there was an instantaneous pause at which angular velocities of the club and 
body became zero. The backswing, therefore, is usually ignored in the examination of the 
golf swing utilizing the double pendulum model. Since once the downswing phase has 
initiated, the momentum of the system continues to swing the system, and since the time 
taken for the downswing, which is approximately between .20 and .25 seconds, is 14 
similar to the minimum time for the brain to process an external signal, it is probably not 
possible for a golfer to correct the motion during the downswing phase. 
Williams (1967) utilized the double pendulum model to examine the forces applied 
during the golf swing by a 'first-class' golfer. The study examined a stroboscopic 
photograph of Bobby Jones swinging the driver. The downswing phase of the golf 
swing was broken down into two distinct phases. In the first phase, the entire double 
pendulum model moved as a rigid segment. During the latter phase, the wrist began to 
uncock slowly at first and then rapidly increased the amount of uncocking in the latter 
stages. During this stage, it was assumed that the angular velocity of the upper segment 
about a fixed point was constant. The author further suggested, from the bending of the 
shaft, that a transverse inertial force of 4.4 Newton (N) was transferred from the moment 
applied by the golfer's hands to the club head. A series of equations of motion were 
derived and integrated with the joint torques as inputs. The results suggested that 
intentional extension of the wrist joint during the latter stage of the downswing did not 
significantly increase the club head velocity at the moment of the impact. It was further 
stated that the amount of force required during the first phase of the downswing was very 
small and that golfers often applied too much force in this phase resulting in early 
uncocking of the wrist joint producing a decreased club head velocity at impact. 
The same stroboscopic photograph of the golf swing by Bobby Jones was 
examined by Jorgensen (1970) utilizing the Lagrangean method to formulate the 
equations of motion for the double pendulum model. This study was concerned with the 
torques generated at the shoulder and at the wrist joint and assumed that the torques 
applied by the body to the model were constant. The results of the numerical solution of 
the equations of motion led to two general conclusions. First, the club head velocity 
depended on the torque applied to the model by the golfer. The magnitude of the torques 
applied to the model were dependent upon the strength and the manner they were applied. 
Second, for a given constant torque applied to the model, club head velocity depended on 
the pattern of wrist action of a golfer. In order to produce a large club head velocity, a 
golfer was not required to apply a positive torque at the wrist joint for extension; rather, a 
negative or a hindrance torque was required in order to counteract the centrifugal force in 
order to produce a large club head velocity. 
Budney and Bellow (1979) showed that a slight modification of the kinematics of 
the upper segment of the double pendulum model produced thirty percent increase in the 
club head velocity as compared to the club head velocity of the actual golf swing. 15 
However, since these modifications were arbitrarily made, whether these modifications 
could be physically made has remained in question. 
Milburn (1982) attempted to understand the mechanisms of summation of 
segmental velocities in order to achieve maximum club head velocity during the golf 
swing. The double pendulum model was used and selected linear and angular kinematic 
variables were examined. The results of the study concluded that an initial delay of 
uncocking of the wrist joint produced greater angular acceleration of the arm. In addition, 
the author concluded that acceleration of the proximal segments could be summed to 
produce greater club head velocity. 
2.1.2. Optimal Control Theory 
Optimal control theory was applied to determine the optimal control torques 
necessary to maximize the distance of the golf drive (Lampsa, 1975). A double pendulum 
model was first developed and analysis of an actual golf swing was then employed to 
verify the model. From the analysis of the actual golf swing, parameter values, 
constraints, and actual torques were derived to perform a numerical solution. The results 
of the study suggested that the absolute value of the joint torques increased with time. 
Therefore, it was also suggested that expenditure of energy must be delayed as long as 
possible in order to maximize the distance of the golf drive. The solution of the optimal 
control problem resulted in the maximum club head velocity of 61.9 m/s which would 
carry the ball approximately 320 yards. 
The applicability of optimal control theory using a triple pendulum model was 
examined by Campbell (1984). The study utilized a triple pendulum model wherein three 
segments were identified as follows: (a) the upper torso segment rotating around a fixed 
point at the midpoint of the shoulders; (b) the left arm segment hinged at the shoulder 
joint; and (c) the club hinged at the wrist joint. A series of equations of motion were 
derived by use of the Lagrangean method and maximization and minimization problems 
were numerically solved. The constraints to control the model were determined based on 
actual torque data measured by using a Cybex II. The solution for the maximization 
problem resulted in an impact velocity of 69.24 m/s with the total mechanical work done 
by the system of 1077.43 Joules (J) which would produce a 366-yard flight of the ball. 
On the other hand, the solution for the minimization problem in order to produce 250-16 
yard flight resulted in 52.06 m/s club head velocity and the total mechanical work done by 
the system of 356.8 J. 
2.1.3. Ground Reaction Forces 
Cooper, Bates, Bedi, and Scheuchenzuber (1974) examined the weight transfer 
patterns during the golf swing by comparing the center of gravity (COG) location as 
determined by force platforms and as determined by segmental methods using two 
dimensional cinematographic techniques. Two general conclusions were made from the 
results of the analysis. First, the results showed that there was some weight transfer from 
the back foot to the front foot prior to the impact with the ball. However, the weight 
transfer was not complete. The general concept of 'hitting with the left side' which was 
generally held by golf teachers and instructors was not conclusive. Second, different 
weight transfer patterns were observed for using different clubs. That is, for a shorter 
club, which usually requires greater accuracy rather than greater distance, the weight 
transfer continued after the impact point. 
Williams and Cavanagh (1983) studied the weight transfer pattern during the golf 
swing and application for golf shoe design. The study employed force platforms and 
three-dimensional cinematography to examine the weight transfer pattern during the golf 
shot using a driver, three-iron, and seven-iron. Contrary to the results of Cooper et al. 
(1974), the results of the study suggested that intra-individual variability between 
conditions was quite small while there were no distinct trends between subjects from 
different skill levels. The authors also suggested since each foot performed totally 
different functions it would be better to employ different designs for right and left shoes. 
Richards, Farrell, Kent, and Kraft (1985) attempted to relate weight transfer 
patterns to skill levels of golfers. Continuous samplings of the center of vertical force 
(COVF) locations by use of a force platform were utilized to perform the analysis. The 
results showed that there was a significant difference between two skill groups in the 
COVF locations at the moment of impact. The COVFs of high skill golfers at the moment 
of impact were located closer to their heels as compared to the low skill golfers. 
The results of a number of studies concerning the mechanical aspect of the golf 
swing utilizing two-dimensional analysis techniques reached a major conclusion that an 
initial delay of the uncocking of the wrist joint during the downswing phase would 
produce greater club head velocity. Since the golf swing is a typical three-dimensional 17 
motion, the results of the two-dimensional study which assumed that the down swing 
phase occurs in a single plane may not be valid. 
As was mentioned earlier, availability of high-speed computer as well as three-
dimensional analysis techniques has enabled the three-dimensional analysis of human 
motion analysis. 
2.2. Three-Dimensional Analysis 
In 1981, Vaughan published the first three-dimensional study concerning the 
mechanical aspect of the golf swing. The purpose of the study was to investigate the 
forces and torques applied to a golf club during the downswing phase of the golf swing 
using three-dimensional cinematographic techniques. Selected kinematic and kinetic 
variables were analyzed. The results of the study concluded that, contrary to the common 
belief that the club remains in a single plane throughout the downswing phase of the golf 
swing, the motion of the club did not remain in a single plane, especially in the early 
stages of the downswing phase. 
Neal and Wilson (1985) attempted to determine the three-dimensional kinematics 
and kinetics of the double pendulum model and compared the results with those from the 
two-dimensional studies. The results concerning the angular kinematics and kinetics were 
consistent with the results from Vaughan (1981) and the club head velocity value was 
consistent with results from Lampsa (1975) and Vaughan (1981). The result of the study 
further supported the finding of Vaughan (1981) that the motion of the club did not 
remain in a single plane throughout the downswing phase of the golf swing. 
2.3. Summary 
The review of literature concerning the mechanical aspects of the golf swing 
revealed that typical research has utilized the double pendulum model during the 
downswing phase of the golf swing. That is, a majority of the studies carried out have 
been based on the following assumptions: (a) golfers appropriately positioned and aligned 
the club head and body at the top of the swing; (b) the motion of the club during the 
downswing was a planar motion; and (c) torques needed to perform golf swing were 
generated by the golfers. It should be noted, however, in the real world situation, a 18 
majority of the novice and intermediate golfers cannot execute the take away phase of the 
golf swing appropriately resulting in inconsistent and/or inappropriate set up at the top of 
the swing which in turn would cause ineffective golf shots. In addition, the moment of 
inertia of the club head at the top of the swing should not be ignored in producing the 
delayed uncocking necessary to produce greater club head velocity at the moment of 
impact. 
Although research efforts concerning golf swing mechanics have provided a great 
amount of information, the information may not be useful for teaching professional 
golfers, golf instructors, and other high level golfers due to the over simplified model 
and/or assumptions utilized in the studies. 
The review of literature led to the research problem including the following: (a) 
what are differences in golf swing movement among golf shots using various golf clubs; 
(b) how can we appropriately classify the level of golfers and identify problems in the 
golf swing for novice golfers; and (c) how can novice golfers effectively improve their 
golf swing performances. Solving these problems would provide practical significance 
for teaching professional golfers, golf instructors, and general golfers. 19 
3. METHODS AND PROCEDURES  
The main purpose of the present study is to determine the essential elements of 
golf swings that represent the optimal movement pattern for three distinctive categories of 
golf shots: (a) distance shots (DS), (b) accuracy shots (AS), and (c) intermediate shots 
(IS), as well as a general model of golf swings. 
Definition of former three categories of golf shots are follows: 
DS:  The golf shots in which the distance component is the most significant 
such as a tee shot using Driver (1W) on a relatively long and wide open 
par-4 or par-5 hole. DS for the present study is represented by golf shots 
using a 1W. 
AS:  The golf shots in which the accuracy component is the most important 
such as an approach shot within 150 yards or a tee shot on a par-3 hole. In 
the present study, the AS is represented by golf shots using an 8-iron (8I). 
IS:  The golf shots in which both the distance and the accuracy components are 
equally important such as a second shot on a par-4 or par-5 hole. In the 
present study, IS is represented by the golf shots using a 3-iron (3I). 
The general model is utilized in order to determine essential elements which exist 
in any golf shot. This model also serves as a base model to clearly differentiate the above 
three categories. 
In order to achieve the main purpose of the present study, three sub purposes are 
defined: (a) to develop a data base from elite golfers, (b) to define the common variables 
that exist among elite golfers for each of three categories of golf shots defined, and (c) to 
define the shared movement components for the three categories of golf shots as a general 
model of the golf swing. 
Selected kinematic variables were utilized in order to achieve these purposes. 
Specifically, selected joint and segmental displacement, velocity, and acceleration in linear 
and angular senses were analyzed by utilizing a three-dimensional high-speed video 
analysis technique. 
The result of the present study will be added to the limited body of knowledge 
explaining golf swing biomechanics. In addition, valuable insight may be gained 
concerning the practical application of biomechanics to develop and maintain a better golf 
swing. 20 
3.1. Subjects 
The subjects for the present research were thirteen volunteer male right-handed 
golfers, ranging in age from 22 to 40 years who are members of Japan Professional Golf 
Association (JPGA) and have competed in The Gene Salazen Jun Classic Golf 
Tournament in 1992 which is one of the official JPGA Tour events. Among these 
subjects, three were Caucasians and ten were Asian. The data from these subjects were 
utilized for the purpose of determining the essential elements of golf swings that represent 
the optimal movement patterns for three distinctive golf shots; DS, AS, and IS. All the 
subjects were free from any injury or physical dysfunction which may affect the golf 
swing performances at the time of data collection sessions. Prior to the data collection, 
each subject signed an Informed Consent Form and an Individual Subject Consent Form 
(Appendix A, Figure A.1 and Appendix B, Figure B 1) approved by the Committee for 
the Protection of Human Subjects at Oregon State University. Content of these forms 
were translated into Japanese so that each volunteer subject had complete understanding 
of the purpose of the present study as well as the possible risks of being a volunteer 
subject for the present study. Additional information on subjects is given in Table C.1, 
Appendix C. 
The sample size and the number of trials for the present research were determined 
based on the limitations imposed by the Professional Golf Tournament situation and 
practical time allowance for data analyses for the present study. The sample size, number 
of trials and typical variability of kinematic variables combine disadvantageously for 
obtaining statistical power. As a means of increasing the probability of detecting 
significant differences a liberal significant level (a = .10) was chosen. It is recognized 
that this increases the probability of type I errors but given the analysis methodology 
(discussed below) this was an appropriate trade off. 21 
3.2. Apparatus 
Golf swing performances of the members of JPGA were recorded by utilizing 
two Nac HVC-500 high-speed video systems. Two Nac HVC-500 high-speed video 
systems were utilized in order to obtain 3D kinematics of the golf swing and were 
operated at the rate of 250 frames per second (fps). A schematic of the experimental set-
up is presented in Figure 3.1. 
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Figure 3.1. Experimental set-up. 
3.2.1. 3D Reference System 
A conventional external reference system, a three orthogonal axes system was 
utilized in the present study. Specifically, each of the three axes was assigned as follows: 
(a) X axis represented medio-lateral (ML) axis, (b) Y axis represented antero-posterior 
(AP) axis, and (c) Z axis represented vertical axis. A schematic presentation of the 3D 
reference system is provided in Figure 3.2. 22 
Figure 3.2. 3D reference system. 
3.2.2. High-Speed Video System 
Two Nac HVC-500 high-speed video systems were utilized to record the golf 
swing performances of each individual subject in order to obtain 3D kinematic variables 
that were required in a subsequent biomechanical analysis. These systems utilized S-VHS 
formatted video tapes and operated at the rate of 250 fps. 
The set-up distance and the angle of each of the two video cameras from the 
subject were determined through a pilot study so that the overlaps of body segments 
should be minimized for any trial. More specifically, the first camera which recorded the 
front view of the golfer was positioned as follows: (a) the distance between the video 
camera and the subject was approximately 10 meters (m), (b) the angle between the Y-
axis and the camera's optical axis was approximately 20° in counter-clockwise direction, 23 
and (c) the angle between Y-axis and the camera's optical axis in sagittal plane (YZ) was 
approximately 20° downward. The second video camera which recorded the right sagittal 
view of the golfer from the behind the target line was positioned as follows: (a) the 
distance between the video camera and the subject was approximately 10 m, (b) the angle 
between X-axis and the camera's optical axis in the XY plane was approximately 20° in 
clock-wise direction, and (c) the angle between X-axis and the camera's optical axis in 
frontal plane (XZ) was approximately 20° downward. A schematic of the sagittal view 
video camera set-up is presented in Figure 3.3 while a schematic of the frontal view video 
camera set-up is presented in Figure 3.4. 
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Figure 3.3. High speed video camera set-up for sagittal view. 24 
The 3D coordinate system was derived by the use of the Direct Linear 
Transformation method. Prior to the data collection session as well as whenever the 
positions of the video systems were to be moved, a 3D reference construction was 
recorded in order to establish a 3D coordinate system utilized in a subsequent analysis. 
The recorded video tapes for each subject were stored separately for the subsequent 
analysis. Reliability and validity of the Nac HVC-500 high-speed video systems have 
been established and widely accepted in the field of biomechanics of human movement 
research. Detailed information on the validity and reliability of the high-speed video 
systems has been discussed elsewhere (Nac Inc., 1982). 
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Figure 3.4. High speed video camera set-up for frontal view. 25 
3.3. Experimental Protocol 
Each subject performed golf shots using 1W, 31, and 81. Three shots with each 
club, for a total of nine shots were performed by each subject. Orders of subjects and golf 
shots were randomly assigned. 
Prior to the data collection, subjects were allowed to perform an individual warm-
up session followed by instructions regarding the orders of the golf shots as well as the 
manner the golf shots were to be performed. Subjects were instructed to perform golf 
shots in a normal and comfortable manner. Subjects were required to align to the pre-
defined direction so that the overlaps of segments were minimized. Subjects were allowed 
to have 1 to 3 minutes rest between trials so that any effects of fatigue were minimized. 
Each golf shot was visually monitored by investigators in order to assure proper 
performance. In addition, comments from each subject as well as the result for each trial 
were recorded separately in order to determine the trial utilized for the subsequent analysis 
and discussion. 
3.4. Data Reduction 
3.4.1. Spatial Model 
A nineteen point thirteen segment linked segment model representing a golfer was 
employed as a spatial model in the present study. The 19 points in the model were: 
1.  head (ear canal), 
2.  neck (C7-T1 & 1st rib), 
3.  right shoulder (right glenohumeral axis), 
4.  right elbow (right elbow axis), 
5.  right wrist (right ulnar styloid), 
6.  right hip (right hip joint center), 
7.  right knee (right knee joint center), 
8.  right ankle (right ankle joint center), 
9.  right toe (right head metatarsal), 
10.  left shoulder (left glenohumeral axis), 
11.  left elbow (left elbow axis), 27 
6.  right upper arm (right glenohumeral axis/right elbow axis), 
7.  right forearm (right elbow axis/right ulnar styloid), 
8.  left foot (left lateral malleolus/left head metatarsal H), 
9.  left shank (left femoral condyles/left medial malleolus), 
10.  left thigh (left greater trochanter/left femoral condyles), 
11.  left upper arm (left glenohumeral axis/left elbow axis), 
12.  left forearm (left elbow axis/left ulnar styloid), 
13 .  trunk 
14.  golf club (club pivot point/center of club head). 
Schematic of the segment model is presented in Figure 3.6. 
2 
Figure 3.6. The segment model of a golfer for the study. 
3.4.2. Sequence of the Movement 
For the majority of human movement, a sequence of the movement is quite 
important in order to effectively and appropriately perform the required movement. That 
is, it is not very likely to achieve an effective and an appropriate movement simply by 28 
performing one discrete movement or position, rather it is necessary to execute a series of 
appropriate movements in an appropriate sequence. For a golf swing, it is not feasible to 
perform an effective golf swing without accomplishing a proper sequence of the 
movement. 
A biomechanical study which attempts to characterize a movement by means of 
simple discrete data would not provide an effective evaluation of the movement. In other 
words, it may not be the absolute positions of the movement that are important to 
appropriately characterize it but the relative positioning process of the movement which 
produces the effective result and which may be more critical factor in characterizing the 
movement. This would be more true if the movement is more complex and the result of 
the study will be utilized for practical applications. Hence, it is quite necessary to 
investigate the movement not by discrete data which tend to evaluate only the result of the 
movement but continuous data which would characterize the movement process that 
produces the effective movement as well as the result. Moreover, since inter-individual 
variability of duration of golf swings was quite large, it was not appropriate to use 
absolute temporal parameters together with continuous data. 
Therefore, in the present study, selected kinematic variables as well as the results 
of statistical testings were analyzed by employing continuous representation of the data. 
More specifically, all the data were normalized by utilizing two different normalization 
processes. In the first normalization process (Ni or normalized time), data were 
interpolated so that the resultant data set has two hundred (200) data points regardless the 
actual duration of the golf swing. Thus, each data interval represented 0.5% of the 
duration of a golf swing. Since this process would eliminate the variability due to the 
tempo or duration of a golf swing movement which was utilized by an individual subject, 
the data would be directory comparable among subjects. The second normalization 
process (N2 or normalized time and value) used in the present study was employed not 
only to eliminate the variability due to temporal characteristics of individual subjects, but 
also to minimize the variability due to physical characteristics of them. Specifically, in this 
process, each set of normalized data using the first normalization process was re-
normalized based on the range of the value for the variable. As a result of the second 
normalization process, each set of data would have a maximum value of 1 and a minimum 
value of 0. 
Customarily, linear kinematic data are analyzed by utilizing a point by point 
approach. Any human movement, however, is performed by combining the series of 
several segmental movements. Therefore, linear kinematic data were analyzed by 29 
employing a segment by segment approach in addition to a point by point approach. 
Specifically, the segment kinematic analysis was performed by simultaneously analyzing 
two segmental endpoints which represent the segment of interest. 
3.4.3. Golf Swing Events 
Conventionally, the golf swing has been broken down into three phases: (a) take-
away phase, (b) down swing phase, and (c) follow through phase. In order to 
systematically analyze the continuous data of golf swings, the following twenty-five 
swing events were defined and utilized as temporal references in the present research: 
1.	  set-up (SU); 
2.	  take away 1 (TA30°) in which the golf club forms 30° in the frontal plane; 
3.	  take away 2 (TA60°) in which the golf club forms 60° in the frontal plane; 
4.	  take away 3 (TA90°) in which the golf club first becomes horizontal (90°) 
to the ground in the frontal plane; 
5.	  take away 4 (TA120°) in which the golf club forms 120° in the frontal 
plane; 
6.	  take away 5 (TA150°) in which the golf club forms 150° in the frontal 
plane; 
7.	  back swing 6 (TA180°) in which the golf club becomes vertical (180°) in 
the frontal plane; 
8.	  take away 7 (TA210°) in which the golf club forms 210° in the frontal 
plane; 
9.	  take away 8 (TA240°) in which the golf club forms 240° in the frontal 
plane; 
10.	  take away 9 (TA270°) in which the golf club forms 270° in the frontal 
plane (if any); 
11.	  take away 10 (TA300°) in which the golf club forms 300° in the frontal 
plane (if any); 
12.	  lower body top of the swing (LT) in which the hip segment reaches its 
maximum rotation in the transverse plane around the vertical axis; 
13.	  upper body top of the swing (UT) in which the shoulder segment reaches 
its maximum rotation in the transverse plane around the vertical axis; 30 
14.	  club top of swing (CT) in which the golf club reaches its maximum 
rotation in the frontal plane; 
15.	  down swing 1 (DS300°) in which the golf club forms 300° in the frontal 
plane (if any); 
16.	  down swing 2 (DS270°) in which a golf club forms 270° in the frontal 
plane (if any); 
17.	  down swing 3 (DS240°) in which a golf club forms 240° in the frontal 
plane; 
18.	  down swing 4 (DS210°) in which a golf club forms 210° in the frontal 
plane; 
19.	  down swing 5 (DS180°) in which a golf club becomes vertical (180°) to 
the ground; in the frontal plane 
20.	  down swing 6 (DS150°) in which a golf club forms 150° in the frontal 
plane; 
21.	  down swing 7 (DS120°) in which a golf club forms 120° in the frontal 
plane; 
22.	  down swing 8 (DS90°) in which a golf club becomes horizontal to the 
ground (90°) in the frontal plane; 
23.	  down swing 9 (DS60°) in which a golf club forms 60° in the frontal plane; 
24.	  down swing 10 (DS30°) in which a golf club forms 30° in the frontal 
plane; 
25.	  impact (IP) in which the club head contacts with the ball. 
The take-away phase and the down swing phase of the conventional method 
corresponded to the events 1 through 14 and 14 through 25 of the present method, 
respectively. Schematic presentations of these twenty-five golf swing events are provided 
in Appendix E, Figures E.1 through E.8. 
These twenty-five swing events were utilized in order to systematically analyze 
ensembled plots and continuous statistical test result plots for the variables employed for 
the study. 
Since the movement after the moment of the impact will not affect the result of the 
golf shot in any way, the analysis will be limited to the movement from the set up through 
the moment of impact. 31 
3.4.4. Kinematic Data 
Selected trials to be analyzed were digitized by the use of Peak Performance 3D 
Motion Measurement System version 5.0 in order to obtain two 2D coordinate data sets 
which were utilized to compute 3D coordinate data in the subsequent analysis. Since club 
head speed during the golf swing differs considerably depending upon the phases of the 
golf swing, digitizing was performed with various frequencies that were determined by 
using a Fast Fourier Transformation (1-1-T) method for four different stages of the golf 
swing. More specifically, every fourth frame was digitized (that is, 3 frames were 
skipped between video frames digitized) from SU through TA180° (Stage 1); every third 
frame was digitized from TA180° through LT (Stage 2); every second frame was digitized 
from LT through DS180° (Stage 3); and every frame was digitized from DS180° through 
the moment of impact (Stage 4). At least five extra frames were digitized at the beginning 
and the end of each digitizing stage in order to obtain appropriate overlaps necessary in 
the later stages of the data reduction. 
For each dimension, each point, and each swing stage of digitized raw data, a 
residual analysis was performed and a cutoff frequency (CO for a digital filter was 
determined. This process was essential since the frequency of the movement of the golf 
swing differs considerably depending upon the stage of the golf swing and a segmental 
end point being filtered. For example, the Cfs for the club head point ranges from 1 Hz 
for stage 1 through 25 Hz for the stage 4 while for the head point, the Cf was quite fixed 
at around 1 Hz throughout the trial. Therefore, it was not effective or appropriate to utilize 
a single Cf for the entire trial. Fourth order non-phase shifted Butterworth digital filtering 
was utilized to filter the raw data using the Cf determined by the use of residual analysis. 
Computer programs to execute residual analysis and Butterworth digital filter routine 
were custom written in Microsoft Quick BASIC language and the results from these 
programs were compared with those from the Peak Performance 3D Motion Measurement 
System. Whenever the digital filter routine was employed to smooth the data, raw and 
filtered data sets for each point and dimension were plotted on the computer screen and 
carefully examined in order to minimize excessive attenuation of the peak values. 
A set of four smoothed data files for each trial for each subject was interpolated so 
that the resulting data set had 250 fps sampling frequency by using custom written 
Microsoft Quick BASIC program which utilized Lagrange second degree interpolating 
polynomials. The validity of the interpolation program had been examined and established 
through a pilot study by comparing an interpolated sample data file with an original non-32 
skipped sample data file. A schematic presentation of the result of the interpolation 
program is provided in Figure 3.7. 
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Figure 3.7. Raw versus interpolated data plot. 
The set of four interpolated data files for each trial for each subject was 
sequentially merged to form the data file representing an entire trial by utilizing a custom 
written Microsoft Quick BASIC program. The validity of the file merging program had 
been examined and established through the pilot study by comparing the results of 
merged sample data file with an original non-skipped sample data file. 
Prior to calculating 3D coordinate data, two sets of 2D coordinate data files were 
synchronized in order to obtain exactly the same temporal characteristics. The 
synchronization was achieved by utilizing the impact between the golf club head and the 
golf ball. The resultant two 2D coordinate data files possessed : (a) the same number of 
frames, (b) five extra frames before the initiation of the golf swing, and (c) three extra 
frames after the moment of impact. 
A set of two 2D coordinate data files representing a single trial was used to 
generate a 3D coordinate data file by utilizing Peak Performance 3D Motion Measurement 
System which utilizes the Direct Linear Transformation method. After deriving the 3D 
coordinate data, the 3D reference frame for each 3D data file was rotated and translated by 
utilizing a custom Microsoft Quick BASIC computer program. This procedure contained 
two main routines: rotation and translation of the coordinate. Specifically, each 3D 33 
coordinate data file was first rotated simultaneously around three orthogonal coordinate 
axes so that the resulting data file satisfied the following criteria: (a)  the new XY 
(transverse) plane went through the right heel, the left heel, and the ball locations at the 
first video frame; and (b) the new X (medio-lateral) axis coincided with the line projected 
from the ball trajectory onto the XY plane and the new Z (vertical) axis coincided with the 
line which goes through the ball at the first video frame and perpendicular to both the XY 
plane and the X axis. Secondly, each rotated 3D coordinate data file was translated so that 
the minimum value for each of the three dimensions coincided with zero. The validity of 
the custom written Microsoft Quick BASIC computer program had been established 
through a pilot study by calculating and comparing the linear velocity and acceleration 
values for original data sets and rotated data sets. 
From the processed 3D coordinate data, absolute and relative linear and angular 
3D kinematic variables were derived. In order to obtain the relative variables, the 
previously discussed two normalization processes were utilized; (a) each set of data was 
interpolated so that the resultant data set has two hundreds (200) data points regardless 
the actual duration of the golf swing (N1), and (b) each set of normalized data using the 
first normalization process was re-normalized based on the range of the value for the 
variable (N2). As a result of the second normalization process, each set of data would 
have maximum value of 1 and the minimum value of 0. Along with 3D kinematic 
variables, absolute and relative 2D angular variables were derived. In addition to the 
normalized temporal variables such as the proportion of the time taken for any two 
consecutive swing events to the duration of the entire swing, the absolute temporal 
variables were calculated as well. 
Modified Dempster's anthropometric data via Winter (1990) were utilized as body 
segment parameters (BSP) in order to calculate total body center of mass. The list of BSP 
is provided in Tables F.1 through F.3, Appendix F. The list of kinematic variables 
calculated is presented in Tables G.1 through G.6, Appendix G. 
3.5. Treatment of the Data 
3.5.1. Continuous Statistical Plot 
There were a considerable number of parameters in the present study. Therefore, 
it was not appropriate to utilize typical ANOVA statistical procedures widely employed in 34 
biomechanical research. Moreover, since continuous data analysis procedures are more 
effective methods to appropriately characterize the golf swing movements, all the data 
were analyzed by continuously plotting statistical testing results. 
The statistical analysis utilized in the present study consisted of two procedures; 
(a) one-way ANOVA (F) comparing the three club conditions and (b) t-test, each 
calculated for each point in time. Thus, since there were 200 data points representing the 
entire golf swing performance, there were 200 calculated F values for each variable. Each 
F value was plotted against time. Similarly, three sets of t-test were performed across 
time and plotted against time as well. The three sets of t-test performed were; (a) DS (1W) 
vs. IS (3I): t-1W vs. 31, (b) DS vs. AS (8I): t-1W vs. 81, and (c) IS vs. AS: t-3I vs. 81. 
An alpha-level of .10 was selected for the present study in order to deal with the relatively 
low statistical power due to the number of subjects and the number of trials employed. By 
considering the nature of the present study, it would be quite appropriate to utilize the 
alpha-level of .10. Continuous statistical plots were made for all kinematic variables and 
direction. Information on interpretation of the continuous statistical plot is provided in 
Figure 3.8. 
3.5.2. Ensembled Plot 
Mean and 90% confidence interval (CI) among all subjects for each data point of 
each variable of each of three golf clubs used were calculated. By utilizing these data, an 
ensembled plot with mean and 90%CI was plotted for each variable and each of three golf 
clubs used. Maximum and minimum values for mean and 90% CI and corresponding 
temporal characteristics for these parameters were calculated as well. An example of 
ensembled plot as well as information on interpretation of the plot are presented in Figure 
3.9. All the ensembled plots are presented in Appendices S and T. 35 
2 1--0T 1 US 8 (NORMALIZED TIME & VALUE)  
3 ---11MAX.  2.886 @ 78.5  MIN= 1.894 @ 96.54*--4  
iwwwwwwwwimmilmons  5 ---Ok  
1.	  Type of test plotted. 
2.	  Type of data plotted. There were two types of data plotted: (a) normalized time vs. 
absolute value, and (b) normalized time vs. normalized value. 
3.	  Maximum value and the occurrence of the maximum in % of the duration of the 
swing for the calculated statistical test values. 
4.	  Minimum value and the occurrence of the minimum in % of the duration of the 
swing for the calculated statistical test values. 
5.	  A bar graph which represents the results of the statistical test performed. The solid 
black represents the statistically non-significant results under specific criteria *. 
6.	  Y axis represents the calculated statistical test values. Each tick mark represents 
10% of the range of the value plotted. 
7.	  X axis represents the normalized time. Each tick mark represents 10% of the total 
duration. 
8.	  The continuous plot of the calculated statistical test vs. normalized time. 
9.	  The white background represents the statistically significant results at a = .10 for 
the set of data tested. 
10.	  The shaded background represents the statistically non-significant results at a = 
.10 for the set of data tested. 
The criteria used for the evaluation of the statistical test results were depending 
upon the type of variables evaluated. For linear variables, if the statistical test 
results showed non-significant results across four dimensions, the variable was 
considered as statistically non-significant. Angular variables were evaluated based 
on the joint analyzed. That is, since there were more than one angular variables 
representing a specific joint, the angular variables were considered as statistically 
non-significant if all the variables representing the joint showed statistically non-
significant results. 
Figure 3.8. Continuous statistical plot information. 36 
1.	  A bar graph which represents the results of F-test. The solid black bar represents 
the statistically non-significant results among DS, IS, and AS under specific 
criteria *. The F-test bar graph is available only in the plot for DS. 
2.	  A bar graph which represented the results of t-test. The solid black bar represents 
the statistically non-significant results between two conditions under specific 
criteria *. Specifically, 2 for DS, IS, and AS represent t-test 1W vs. 31, 1W vs. 
31, and 1W vs. 81, respectively. 
3 .  A bar graph which represented the results of t-test. The solid black bar represents 
the statistically non-significant results between two conditions under specific 
criteria *. Specifically, 3 for DS, IS, and AS represent t-test 1W vs. 81, 31 vs. 81, 
and 31 vs. 81, respectively. 
4.	  The mean values across 13 subjects of a particular kinematic variable normalized 
across time. 
5 .  90% confidence intervals among 13 subjects of a particular kinematic variable 
normalized across time. 
6.	  Y axis represents values of the variable. Each tick mark represents 10% of the 
range of the value of the variable plotted. 
7.	  X axis represents the normalized time. Each tick mark represents 10% of the total 
duration. 
8.	  There are 10 vertical lines which represents the mean occurrence of 10 selected 
events in normalized time. The selected 10 events represent the followings: SU, 
TA30°, TA60°, TA90°, TA120°, TA150°, TA180°, LT, UT, and CT, respectively. 
The criteria used for the evaluation of the statistical test results were depending 
upon the type of variables evaluated. For linear variables, if the statistical test 
results showed non-significant results across four dimensions, the variable was 
considered as statistically non-significant. Angular variables were evaluated based 
on the joint analyzed. That is, since there were more than one angular variables 
which represent a specific joint, the angular variables were considered as 
statistically non-significant if all the variables representing the joint showed 
statistically non-significant results. 
Figure 3.9. Ensembled plot information. 37 
3.5.3. Segment Kinematic Analysis 
In addition to analyzing linear kinematics point by point by utilizing the above 
statistical procedures, segment kinematic analysis was performed for the selected body 
segment. 
Customary, linear kinematic data were analyzed by utilizing point by point 
approach. However, any human movement consists of at least two segmental end points. 
Therefore, it would be more appropriate to investigate the movement of interest by 
employing a segment kinematic analysis. More specifically, selected segment kinematics 
were investigated by simultaneously evaluating two segmental endpoints which form a 
segment of interest. For example, movement of a golf club consists of movements of a 
grip point and a club head point. Therefore, the segment kinematic analysis on a golf club 
was performed by simultaneously analyzing these two segmental end points. 
3.5.4. Evaluation of the Statistical Testing Results 
Since the treatment of the data employed in the present study was quite unique in 
order to investigate the sequence of the golf swing movement, the following procedures 
and criteria were utilized in evaluating the result of the statistical testings. 
For linear kinematic variables analyzed point by point, the following criteria were 
utilized : 
1.	  For each variable, statistical testing results were first compared among 
four dimensions (X, Y, Z, and resultant coordinate data). 
2.	  If the calculated values of statistical testing across dimensions showed 
statistically non-significant results and the corresponding variances were 
less than 10% of the range of the variable, the variable at the point in time 
was considered to possess commonality. 
3.	  If the calculated values of statistical testing across dimensions showed 
statistically significant results, the variable at the point in time was 
considered to possess uniqueness. 
For angular kinematics, the following criteria were utilized : 
1.	  For each joint, statistical testing results were compared among all angular 
kinematic variables for the joint for each point in time. For example, if an 
absolute angle and two projected angles were calculated for a joint, these 38 
three angular kinematic variables were utilized to evaluate the joint of 
interest. 
2.	  If the calculated values of statistical testing across angular variables for 
each point in time showed statistically non-significant results and the 
corresponding variances were less than 10% of the range of the variable, 
the joint at the point in time was considered to possess commonality. 
3.	  If the calculated values of statistical testing across angular variables for 
each point in time showed statistically significant results, the joint at the 
point in time was considered to possess uniqueness. 
For linear kinematic variables analyzed segment by segment, the following criteria 
were utilized: 
1.	  For each variable, statistical testing results among four dimensions (X, Y, 
Z, and resultant coordinate data) for each point in time for two segmental 
end points which form the segment of interest were simultaneously 
compared. For example, if the segment of interest was a golf club, then 
the statistical testing results for the wrist and the club head among four 
dimensions were simultaneously compared. 
2.	  If the calculated values of statistical testing for two segmental end points 
across dimensions showed statistically non-significant results and the 
corresponding variances were less than 10% of the range of the variable, 
the segment at the point in time was considered to possess commonality. 
3.	  If the calculated values of statistical testing for two segmental end points 
across dimensions showed statistically significant results, the segment at 
the point in time was considered to possess uniqueness. 
Selected results of the above testings were plotted using commonality and 
uniqueness plots as well as stick figures. Informations on these plots as well as stick 
figures are presented in Figures 3.10. through 3.12. 39 
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1.	  Type of variable being evaluated. There were four types of variables: (a) point, 
(b) segment, (c) joint, (d) angle. 
2.	  Name of the variable being evaluated. The information provided in the parenthesis 
was depending upon the type of variable being evaluated. For a point variable, the 
information was the name of the point. For a segment variable, the information 
included two segmental end points which defined the segment of interest. For a 
joint variable, it contained three segmental end points which formed the joint of 
interest. For an angular variable, it included the number of angular variables 
calculated for a specific joint. 
3  .  Type of data. There were two types of data, normalized time and normalized time 
and value. Normalized time data were derived by using Ni method while 
normalized time and value data were derived by utilizing N2 method, 
4.	  A bar graph which plots the results of an F test performed among three 
conditions; DS (1W), IS (3I), and AS (81). 
5.	  A bar graph which plotted the result of a t-test between 1W and 31. 
6.	  A bar graph which plotted the result of a t-test between 1W and 81. 
7.	  A bar graph which plotted the result of a t-test between 31 and 81. 
8 .  A white bar in the bar graph means that the calculated statistics for at least one 
dimension (for angular variables, at least one variable among variables 
representing the joint being evaluated) was statistically significantly different. That 
is, during that time period, the variable did not possess commonality 
between/among conditions. 
9.	  A solid black bar represents the commonality of the variable between/among 
conditions. The variable was considered to possess commonality when the 
calculated statistics for all four dimensions (for angular variables, all variables 
measured for the joint being evaluated) showed statistically non-significant 
differences. 
10.	  Each grid of vertical line represents 10% of the duration of the golf swing. 
Figure 3.10. Commonality plot information. 6 
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1.	  Type of variable being evaluated. There were four types of variables: (a) point, 
(b) segment, (c) joint, (d) angle. 
2.	  Name of the variable being evaluated. The information provided in the parenthesis 
was depending upon the type of variable being evaluated. For a point variable, the 
information was the name of the point. For a segment variable, the information 
included two segmental end points which defined the segment of interest. For a 
joint variable, it contained three segmental end points which formed the joint of 
interest. For an angular variable, it included the number of angular variables 
calculated for a specific joint. 
3.	  Type of data. There were two types of data, normalized time and normalized time 
and value. Normalized time data were derived by using N1 method while 
normalized time and value data were derived by utilizing N2 method, 
4.	  A bar graph which plotted the uniqueness of DS (1W). The condition was 
considered to possess uniqueness when all statistical test in all four dimensions 
(for angular variables, all variables measured for a joint being evaluated) showed 
statistically significant differences. 
5.	  A bar graph which plotted the uniqueness of IS (3I). 
6.	  A bar graph which plotted the uniqueness of AS (8I). 
7.	  A white bar indicated that at least one calculated statistical test for at least one 
dimension (for angular variables, at least one variable among variables measured 
for a joint being evaluated) had a statistically non-significant difference. That is, 
during that time period, the variable did not possess uniqueness for the condition. 
9.	  A solid black bar represents the uniqueness of the variable for the condition. The 
variable was considered to possess uniqueness when all the calculated statistics 
for all four dimensions (for angular variables, all variables measured for the joint 
being evaluated) showed statistically significant differences. 
10.	  Each grid of vertical line represents 10% of the duration of the golf swing. 
Figure 3.11. Uniqueness plot information. 41 
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There are two sets of stick figures: (a) frontal view and (b) sagittal view. 
1.	  Type of stick figure plotted. There were two types of plots: (a) commonality stick 
figure and (b) uniqueness stick figure. 
2.	  Type of data plotted. There were two types of data depending upon the 
normalization process employed: (a) normalized time (Ni) and (b) normalized 
time and value (N2). 
3.	  This information is only for commonality stick figure. There were four different 
sets of tests performed: (a) F test among DS, IS, and AS, (b) t-test between DS 
and IS, (c) t-test between DS and AS, and (d) t-test between IS and AS. 
4.	  Golf club used for the stick figures. 
5.	  A series of stick figures which covered the golf swing movement from SU 
through TA90°. 
6.	  A series of stick figures which covered the golf swing movement from TA90° 
through TA180°. 
7.	  A series of stick figures which covered the golf swing movement from TA180° 
through CT. 
8.	  A series of stick figures which covered the golf swing movement from CT 
through DS180°. 
9.	  A series of stick figures which covered the golf swing movement from DS180° 
through IP. 
*  For a commonality stick figure, a segment within a stick figure became solid black 
when the segment possessed commonality while it became gray when it did not 
possess commonality. For a uniqueness stick figure, a segment within a stick 
figure became solid black when the segment possessed uniqueness while it 
became gray when it did not possess uniqueness. 
Figure 3.12. Continuous stick figure information. 42 
4. RESULTS AND DISCUSSION  
The main purpose of the present study was to determine the essential elements of 
golf swings that represent the optimal movement pattern for three distinctive categories of 
golf shots: (a) distance shots (DS), (b) accuracy shots (AS), and (c) intermediate shots 
(IS), as well as a general model of golf swings. Since the sequence of the movement is a 
quite important factor in order to achieve an effective and an appropriate movement result, 
F tests and t-tests were performed for each kinematic variable for each point in time and 
continuously analyzed across time. Specifically, F tests were calculated among three 
different conditions (DS, AS, and IS) and t-tests were calculated for the following 
combination of conditions: (a) DS vs. IS (t-1W vs. 31), (b) DS vs. AS (t-1W vs. 81), and 
(c) IS vs. AS (t-3I vs. 81). All statistical testing was performed for both normalized time 
(NT1) and normalized time and value data (NT2) sets. Abbreviations used in this chapter 
are summarized in Appendix D. 
Linear kinematic variables were analyzed in three different levels: (a) point by 
point, (b) segment by segment, and (c) joint by joint. For these three analyses, statistical 
results for all dimensions, namely, medio-lateral (X), antero-posterior (Y), vertical (Z), 
and resultant coordinates, were simultaneously compared and analyzed. More 
specifically, the point by point analysis compared the results of an individual segmental 
end point while the segment by segment analysis compared the results of two segmental 
end points which formed a segment. For the joint by joint analysis, the results of three 
segmental end points which represented a joint were simultaneously compared and 
analyzed. Angular kinematic variables were analyzed by combining all the angular 
variables related to a joint of interest. For example, since three different angular variables 
were defined and calculated for the left wrist joint, statistical results for these three 
angular variables were simultaneously compared and analyzed. In addition, temporal 
characteristics were analyzed by utilizing 25 golf swing events. 
4.1. Temporal Characteristics 
Golf swings of elite professional golfers are quite consistent within an individual. 
However, inter-individual differences in the duration of the golf swing are quite large. 
Each individual employs unique temporal characteristics which allow him/her to perform 43 
golf swings effectively, consistently, and comfortably. Figure 4.1 illustrates the 
uniqueness of one temporal characteristic for each individual subject. The mean values 
and standard deviations (SD) of duration of the golf swings among 13 subjects in the 
present study for DS (1W), IS (3I), and AS (8I) were 1.149 sec. (SD = .206), 1.116 
sec. (SD = .187 sec.), and 1.105 sec. (SD = .164), respectively. Although the mean 
values showed that the longer the golf club, the longer the duration of the golf swing, the 
differences in the duration of the golf swings among conditions appeared to be more 
subject dependent rather than condition dependent. The results of statistical testings on the 
duration of the golf swing did not show any statistically significant differences among 
conditions. The calculated F and t values for absolute time (AT) data for the duration of 
the golf swing were .1975, .4257, .6062, and .1649 for F-test, t-1W vs. 31, t-1W vs. 
81, and t -31 vs. 81, respectively. The duration of the golf swings for the 13 subjects for 
each of three conditions are provided in Table 4.1 In addition, Figure 4.1 graphically 
illustrates the changes in duration of the golf swings due to conditions for the 13 subjects. 
The mean values, SDs, 90% confidence intervals (CI), and results of statistical testings 
for each golf swing event are provided in Appendix H, Tables H.1 through H.34. All the 
data on the temporal characteristics of golf swing events for the 13 subjects are provided 
in Appendix I, Tables I.1 through 1.34. 
In order to appropriately compare golf swings between golfers, temporally 
normalized data were derived. Temporally normalized data were obtained by interpolating 
a raw data set and creating a new data set which contained 200 data points representing 
the duration of the trial. Therefore, the new data set expressed the movement in 
proportion to the duration of the golf swing. Although the use of temporally normalized 
data did not alter the results of the statistical testing for the temporal characteristics of the 
golf swing, it would be necessary to note that these results would suggest the following. 
Considering the quite large variability for absolute time data, statistically non-significant 
results for absolute time data would be due to very large variances between subjects. That 
is, the use of absolute time data for golf swing analysis would not be an effective method 
to appropriately characterize such movement. On the other hand, non-significant results 
for normalized time data, where variability is quite small, would suggest that the 
normalization process effectively reduced inter-individual variabilities of temporal 
characteristics in golf swings, thus providing an effective method to analyze movement of 
golf swings. Figure 4.2 illustrates the effects of the normalization process in reducing the 
variability of the temporal characteristics of the golf swings events among 13 subjects. 44 
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Figure 4.1. The changes of the duration of the golf swings due to conditions across 
subjects. 45 
Table 4.1. Duration of the golf swings for 13 subjects in absolute time (sec). 
Subject  
S I  
S2  
S3  
S4  
S5  
S6  
S7  
S8  
S9  
SIO  
Si!  
S12  
S13  
Mean  
SD  
DS 
1.092 
1.644 
1.036 
0.992 
1.084 
1.000 
1.028 
1.136 
0.924 
1.184 
1.052 
1.296 
1.468 
1.149 
0.206 
IS 
1.056 
1.584 
1.044 
0.960 
1.020 
0.944 
1.000 
1.128 
0.932 
1.152 
1.060 
1.304 
1.324 
1.116 
0.187 
AS 
1.064 
1.532 
0.992 
0.944 
1.060 
0.984 
1.028 
1.032 
0.968 
1.136 
1.092 
1.244 
1.284 
1.105 
0.164 
The temporal characteristics of golf swings were analyzed across the three 
conditions for absolute time data and normalized time data. Since all the subjects of the 
present study achieved LT before the golf club reached 210° in all conditions, the 46 
temporal analyses were limited for events SU through TA180°, LT through CT, and 
DS180° through IP. 
The temporal characteristics were quite similar across conditions and did not show 
many statistically significant differences. The results of the F test showed a statistically 
significant difference in normalized time LT, where the calculated F value was 3.82. On 
the other hand, the results of t-1W vs. 81 showed statistically significant differences in 
absolute time data and normalized time data for LT and in normalized time data for 
DS180°, where calculated t values were 2.22, 2.96, and 1.79, respectively. Table 4.2 
summarizes the results of the temporal analyses of the golf swing. The results of all the 
temporal analyses on the golf swing events are provided in Appendix H, tables H.1 
through H.34. 
Ordinarily, a golf swing has been taught, discussed, and analyzed in terms of take 
away phase, down swing phase, and follow through phase as if a golf swing consists of 
these three distinctive phases rather than a continuous and sequential movement. 
However, continuity and sequence of movement are quite important factors in any type of 
human movement. Even a simple movement requires a performer to continuously 
perform the correct movement in an appropriate sequence. This would be especially true 
for a more complex movement such as a golf swing. 
Since the golf swing has been broken down into these three distinctive phases 
mentioned above, the temporal characteristics as well as the sequence of the movement 
during the top of the swing period has been vaguely defined and discussed. Specifically, 
the top of the swing has been defined as when a golf club reaches its maximum rotational 
position in the frontal plane and the movement of the rest of the body was ignored. 
However, it is of great interest for both golfers and researchers to clearly understand the 
sequence of the movement at the top of the swing in order to effectively perform a golf 
swing and to fully understand the movement of golf swings. Considering the general 
movement patterns during the top of the swing period, where the direction of the 
movement is reversed, it is especially important to clarify an effective and an appropriate 
sequence of the movement during this time period. 47 
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Figure 4.2. Temporal characteristics of the golf swing events and the effects of the 
normalization process on them (top graph: absolute time (AT), bottom graph: normalized 
time (NT), Error bars represent SD). 48 
Table 4.2. The occurrence of the golf swing events in absolute and normalized time 
(statistically significant differences at a = .10 : t : F test and § : t-1W vs. 81). 
Events  Absolute Time (seconds)  Normalized Time (%) 
DS  IS  AS  DS  IS  AS 
S U  0.004  0.004  0.004  0.50  0.50  0.50 
TA30°  0.190  0.172  0.180  16.46  15.38  16.12 
TA60°  0.294  0.276  0.280  25.31  24.58  25.15 
TA90°  0.391  0.368  0.367  33.77  32.69  33.00 
TA120°  0.465  0.442  0.439  40.15  39.27  39.65 
TA150°  0.525  0.505  0.506  45.27  44.92  45.50 
TA180°  0.581  0.564  0.569  50.08  50.15  51.23 
LT  0.781§  0.726  0.671§  67.151  64.12t  60.691§ 
UT  0.850  0.814  0.813  72.96  72.00  72.50 
Cl  0.890  0.855  0.838  77.15  76.88  76.42 
DS180°  1.065  1.030  1.012  91.62§  91.23  90.54§ 
DS150°  1.080  1.047  1.033  92.86  92.69  92.38 
DS120°  1.094  1.063  1.052  94.19  94.08  94.12 
DS90°  1.111  1.081  1.070  95.65  95.77  95.77 
DS60°  1.129  1.098  1.086  97.23  97.38  97.31 
DS30°  1.142  1.110  1.100  98.31  98.35  98.54 
IP  1.149  1.116  1.105  98.50  98.50  98.50 49 
The duration of the swing between two selected events was calculated and 
analyzed. The selected event durations were from SU through CT (SU-CT), from CT 
through IP (CT-IP), from LT through UT (LT-UT), from UT through CT (UT-CT), and 
from LT through CT (LT-CT). For the duration SU-LT, there was a general tendency of 
longer duration for longer clubs, while for the duration from CT-IP, there was a general 
tendency of shorter duration for longer clubs. The same tendency was present for the 
duration LT-UT whereas reverse tendency was present from LT-CT. The mean values 
and SDs for these duration data for absolute and normalized time are summarized in Table 
4.3. The table also illustrates the advantage of utilizing the normalized time data over 
absolute time data in effectively reducing the inter-individual variability in the temporal 
characteristics of the golf swing. 
The statistical test results showed statistically significant differences in the 
duration LT-UT for t-1W vs. 81 in absolute time. For the normalized time, the results 
showed statistically significant results in the following three variables : (a) F-test for the 
duration LT-CT, (b) t-1W vs. 81 for the duration LT-UT, and (c) t-1W vs. 81 for the 
duration LT-CT. 
The LT, UT, and CT were determined based on the maximum rotation of hip, 
shoulder, and golf club segments in specific planes. Although the results of the temporal 
characteristics for the events representing the top of the swing phase (UT, LT, and CT) 
did not show many statistically significant differences between conditions, the absolute 
values in angular displacement to identify these events differed considerably between 
conditions. A series of single factor ANOVAs on the absolute values including 
maximum, minimum, and range were performed on the following variables: (a) hip 
segment angle in the transverse plane, (b) shoulder segment angle in the transverse plane, 
and (c) golf club segment angle in frontal plane. The results found statistically significant 
differences for the range of hip segment angle in the transverse plane (p < .01), range of 
shoulder segment angle in the transverse plane (p = .031), maximum of golf club 
segment angle in frontal plane (p < .01), minimum of golf club segment angle in frontal 
plane (p = .03), and range of golf club segment angle in frontal plane (p < .01). The 
mean of maximum, minimum, and range in absolute values for these variables are 
summarized in Table 4.4. These results would suggest that the elite golfers achieved 
greater rotation of the body around their longitudinal axis as well as the rotation of the 
golf club segment in the frontal plane for the longer clubs without significantly altering 
the proportion of the movement relative to the duration of the swing and to the range of 
the angular displacement. 50 
Table 4.3. Duration between selected events in absolute and normalized time for the three 
conditions(statistically significant results at a = .10: 1.: F test, 
81, and 0: t-3I vs. 81). 
Absolute Time (seconds) ± SD 
DS  IS 
SU-CT  0.886 ± 0.187  0.851 ± 0.166 
CT-IP  0.258 ± 0.033  0.261 ± 0.036 
LT-UT  0.069 ± 0.055§  0.089 ± 0.071 
UT-CT  0.041 ± 0.032  0.041 ± 0.040 
LT -C"1'  0.110 ± 0.061  0.130 ± 0.061 
Normalized Time (%) ± SD 
DS  IS 
SU-CT  76.7 ± 2.1  76.4 ± 1.5 
CT-IP  21.3 ± 2.1  21.6±1.5 
LT-UT  5.8 ± 4.61  7.9 ± 6.5t 
UT-CT  4.2 ± 2.5  4.9 ± 3.7 
LT-CT  10.0 ± 4.3§  12.8 ± 5.8 
: t-1W vs. 31, §: t-1W vs. 
AS 
0.834 ± 0.140 
0.266 ± 0.039 
0.142 ± 0.141§ 
0.025 ± 0.046 
0.167 ± 0.116 
AS 
75.9 ± 1.4 
22.1 ± 1.4 
11.8 ± 10.31 
3.9 ± 4.4 
15.7 ± 7.4§ 51 
Table 4.4. Ensembled mean of absolute values of selected variables across subjects 
(statistically significant results at a = .10: t: F test,  t-1W vs. 31, §: t-1W vs. 81, and 0: 
t-3I vs. 81). 
Maximum  Minimum  Range 
Hip Segment Angle  DS  52.12  -46.06  98.17t 
in Transverse Plane  IS  47.25  -45.61  92.861 
AS  46.82  -39.95  86.771 
Shoulder Segment  DS  114.24  -29.46  143.70'§ 
Angle  IS  108.90  -27.16  136.061-
in Transverse Plane  AS  104.79  -24.43  129.221 
Golf Club Segment  DS  276.891  -11.041  287.931.4 
Angle  IS  267.591.0  -7.511  275.101.T0 
in Frontal Plane  AS  256.2510  -4.37t§  260.4210 
These results of the statistical testings would further suggest that elite golfers 
utilized more body rotation for the longer club as compared to shorter club. These results 
also suggested that range of values may be more important variable than maximum or 
minimum values. 
The movement suggested by these results would be similar to that of the baseball 
throwing motion. That is, when a baseball player attempts to throw a ball faster and 
further, he/she needs to achieve greater 'wind up motion'. In a movement which requires 
generation of forces through body rotation around its longitudinal axis, the use of this 
movement pattern would be quite advantageous. This would be because a human 
generally possesses far greater lower body power and strength as compared to that of the 
upper body. This would infer that a human can achieve greater force in a swing by 
utilizing the strength of the lower body. 52 
In order to investigate if the 'wind up motion' is present during the golf swing 
movement, statistical tests were performed on the temporal characteristics of the LT, UT, 
and CT for each of three conditions. For absolute time data, the following tests showed 
statistically significant differences : (a) F test for 81, (b) t test between LT and UT for AS, 
and (c) t test between LT and CT for IS and AS. On the other hand, for normalized time 
data, each statistical test showed statistically significant differences among LT, UT, and 
CT. The results of these testings are illustrated in Table 4.5. 
The results for normalized time clearly displayed the existence of a 'wind up 
motion' or 'coiling' during the top of the swing phase. The results suggested that in an 
effective golf swing, the movement around the top of the swing would occur in the 
following sequence : (a) lower body, specifically, hip segment reaches its maximum 
rotation in the transverse plane, followed by (b) upper body (defined as shoulder segment 
rotation in the transverse plane) reaches its maximum rotation, and finally (c) the golf club 
segment reaches its maximum rotation. This sequence of the movement was most 
effectively identified by utilizing a normalized time data. Therefore, there is a clear 
advantage of using normalized time data set over an absolute time data set in order to 
effectively and appropriately analyze golf swings. All the remaining analyses of this study 
were performed utilizing normalized time. 
A human possesses an ability to perform varieties of movements by combining 
various movements of multiple joints. As the movement becomes more complex, the 
number of joints involved in the movement becomes greater. These joint movements are 
made of combinations of several segmental movements rather than combinations of 
segmental end points. Of course, a human is capable of achieving a specific movement of 
a segmental end point by combining multiple joints movement in several different ways. 
However, it would be expected that as a movement becomes more effective, accurate, and 
consistent, the way a performer combines the joint movement becomes similar. 
Although typical biomechanical analysis of linear kinematics utilizes a point by 
point approach, the linear kinematics of this study were analyzed by utilizing segment by 
segment and joint by joint approaches in addition to the point by point approach. These 
analysis methods provide more practical information concerning the movements of 
interests. In addition, because displacement data provide the most convenient and 
informative data type for practical applications, the following discussions have been 
based mainly on the displacement data. However, the results of velocity variables were 
discussed whenever special attention was necessary. 53 
Table 4.5. Results of statistical test on the occurrences of LT, UT and CT for each 
condition (t : statistically significant results at a = .10). 
Absolute Time (seconds) 
F-test  t-LT vs. UT  t-LT vs. CT  t-UT vs. CT 
1W  1.30  -1.04  -1.61  -0.57 
31  2.20  -1.42  -2.00±  -0.65 
81  6.35±  -2.94t  -3.73  -0.44 
Normalized Time (%) 
F-test  t-LT vs. UT  t-LT vs. CT  t-UT vs. CT 
IW  38.14t  -4.38-1*  -8.29±  -4.761. 
31  24.92t  -3.63t  -6.78t  -3.75± 
81  35.01t  -4.98t  -8.29t  -2.61t 
4.2. Analysis of Body Rotation 
In order to determine the essential elements of the golf swings among three 
conditions investigated, commonality analysis for kinematic data was performed by 
utilizing F test and t tests. All the analyses were performed for four combinations of 
conditions; (a) F test among 1W, 31, and 81 (F-test), (b) t-test between 1W and 31 (t-1W 
vs. 31), (c) t-test between 1W and 81 (t-1W vs. 81), and (d) t-test between 31 and 81 (t -31 
vs. 81). 
For linear kinematic data, point, segment, and joint kinematics were analyzed. For 
the point kinematic analysis statistical testing results for four dimensions (medio-lateral, 
antero-posterior, vertical, and resultant) for the point for each moment in normalized time 
were compared and evaluated. For the center of mass point, data were analyzed in four 
different ways: (a) simultaneously analyze medio-lateral, antero-posterior, and vertical 54 
coordinates, (b) independently analyze medio-lateral coordinates, (c) independently 
analyze antero-posterior coordinates, and (d) independently analyze vertical coordinates. 
For segment kinematic analysis, statistical testing results for all four dimensions for two 
segmental endpoints, which formed the segment, for each point in normalized time were 
evaluated. For joint kinematic analysis, statistical testing results for all four dimensions 
for the three segmental end points, which formed the joint, for each point in normalized 
time were evaluated. The results of all the kinematic analyses were reported in terms of 
percent (%) of the duration of the golf swing. 
The point, the segment, or the joint was considered to possess commonality if all 
the statistical testing results evaluated showed statistically non-significant results and the 
corresponding variances were less than 10% of the range of the variable. When kinematic 
variables were considered to possess commonality, the movement of the variables were 
essentially the same across conditions. 
There were two cases where the results of the commonality analysis were 
ignored. The first case was when the results of commonality analysis showed a small or 
short lasting common region between large uncommon regions. The second case was 
when the results showed a small uncommon region between large common regions. For 
the first case, the small region was considered as uncommon while for the second case, 
the small region was considered as common. In these cases, the results would likely to 
reflect the large variance rather than real performance differences. In addition, since 
during a continuous movement, a human body is not capable of sensing, responding, and 
adjusting the movement within such a short period of time. 
The duration of the small region or short lasting region being ignored depended 
upon the variables being evaluated, but never exceeded 10% of the duration of the swing. 
For example, a movement of a large segment mainly contains lower frequency 
components as compared to that of a smaller segment. Therefore, when a large segment 
was evaluated, a longer duration was employed. 
The first reason can be verified by examining the related continuous statistical 
plots and ensembled plots. Even though a continuous statistical plot showed substantial 
commonality, if a corresponding ensembled plot showed a large variance, the substantial 
commonality would reflect a large variance. These continuous statistical plots and 
ensembled plots for each variable are provided in Appendices S and T, Figures S.1 
through S112 and T.1 through T.130. The commonality plots for each variable are 
presented in Appendix 0, Figures 0.1 through 0.78. The continuous stick figures for the 55 
results of the commonality analysis for point and segment kinematic analysis are 
displayed in Appendices Q and R, Figures Q.1 through Q.8 and R.1 through R.S. 
On the other hand, in search of optimal swing models for each of the three 
conditions, a uniqueness analysis for all kinematic data was also performed by utilizing 
the same statistical testing procedures as for commonality analysis. The evaluation of the 
uniqueness employed a similar but reverse process. That is, a variable was identified to 
possess uniqueness if the results of all F, t-1W vs. 31, t-1W vs. 81, and t-3I vs. 81 for the 
variable showed statistically significant differences. 
The movement of the golf swing can be divided into two components. The first 
and the main component is a body rotation which would generate the major forces to 
perform a golf shot. Since a golfer's body is connected externally only through his/her 
feet, the main source of force has to be generated through the lower body and transmitted 
to the upper body in order to effectively perform a golf swing. The second and a minor 
component is the movement of the upper limb segments which would serve as 
intermediate objects which effectively and accurately transmit the force generated by the 
body rotation to a golf club. 
Body rotation can be further divided into lower, middle and upper parts. The 
lower part would consist of right and left foot and shank. The middle component would 
consist of right and left thigh and hip while the top part would include the trunk segment. 
The movement of each part can be evaluated by examining the knee, the hip, and the 
shoulder points and segments. 
In the following results, the normalized time (NT1) data rarely showed 
commonality in any test for linear variables, most of the results were reported for 
normalized time and value (NT2) data only. However, results of the NT1 data were 
reported whenever special attention was necessary. In addition, maximum, minimum, 
and range of values for each variable for absolute values for linear and angular kinematics 
are provided in Appendices K through N, Tables K.1 through K.76 for linear 
displacement variables, Tables L.1 through L.76 for linear velocity variables, Tables M.1 
through M.49 for angular displacement variables, and Tables N.1 through N.49 for 
angular velocity variables. 56 
4.2.1. Mechanics of the Knee 
4.2.1.1. Kinematics of the Knee 
The movement of the right and the left knee points in the transverse plane was 
quite similar across conditions. Ensembled means of the movement of these points as 
well as the rotation of the inter-knee segment (imaginary line connecting the right and the 
left knee points) in the transverse plane for the three conditions were illustrated in Figures 
4.3 and 4.4, respectively. 
During the initiation of the swing and throughout the take away phase the 
movement of these points and the segment were fairly slow as compared to those during 
the down swing phase. The right knee point showed small posterior and lateral 
displacement followed by quite stationary position through the top of the swing phase. 
On the other hand, the left knee point showed small but fairly constant anterior and medial 
displacement from the initiation of the swing through top of the swing phase. 
During the down swing phase the movement of these points as well as the 
segment were quite fast as compared to those during the take away phase. Both right and 
left knee points showed quite large displacements during the down swing. The right knee 
point showed fairly large anterior and medial displacement while the left knee point 
showed quite large posterior and lateral movement. The movement of these points in the 
vertical direction throughout the duration of the swing was quite small as compare to that 
in the antero-posterior and the medio-lateral direction. 
The ensembled means of the range of the right and left knee points linear 
displacement as well as the inter-knee segment angular displacement are presented in 
Table 4.6. The range of the displacement in the medio-lateral direction was somewhat 
smaller for the right knee point as compared to that of the left knee point while the left 
knee point showed considerably larger displacement in the antero-posterior direction as 
compared to that of the right knee point. The range of the inter-knee segment angular 
displacement in the transverse plane was greater for the shorter clubs as compared to that 
for the longer club. 
Figure 4.5 compares the medio-lateral and antero-posterior linear displacement 
and velocity of the right and left knee points while Figure 4.6 displays vertical linear 
displacement and velocity of these points. The right knee point showed small lateral 
displacement for the initial 20% of the duration of the swing followed by quite stationary 57 
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Figure 4.3. Ensembled mean position of the right and the left knee points in the 
transverse plane for 1W, 31, and 81 (the gray arrows represent the sequence of the 
movement of the knee points; the black arrow represents the direction of the shot). 58 
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Figure 4.4. Inter-knee segment ensembled mean movement in the transverse plane for 
1W, 31, and 81 (The first row: 1W (a-e), the second row: 31 (f-j), the third row: 81 (k-o); 
each grid represents 20% of the duration of the swing; The arrow represents the direction 
of the shot). 
Table 4.6. Ensembled means of the range of linear displacement for right and left knee 
point and angular displacement for inter-knee segment. 
Variable  Direction or Plane  Range 
I W 31  81 
Right knee point (m)  Medio-lateral  0.19  0.19  0.17 
Antero-posterior  0.14  0.11  0.12 
Vertical  0.05  0.03  0.05 
Left knee point (m)  Medio-lateral  0.23  0.20  0.20 
Antero-posterior  0.25  0.25  0.24 
Vertical  0.07  0.05  0.05 
Inter -knee segment (0)  Transverse plane  68.21  68.74  70.06 59 
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Figure 4.6. Right and left knee points ensembled mean vertical (Z) linear displacement 
and velocity versus percent of the duration of the swing (displacement values are from the 
set-up position). 
position through slightly before 70% of the duration of the swing. During the down 
swing phase, it showed quite large medial displacement from slightly before 70% of the 
duration of the swing through IP. 
On the other hand, the left knee point showed small and quite constant medial 
displacement from SU through slightly before 70%. During the down swing phase, it 
showed large lateral displacement from slightly before 70% of the duration of the swing 
through IP although the rate of the displacement declined from slightly after 90%. 
Both points showed fairly small medio-lateral linear velocity from SU through 
approximately 60% followed by accelerated medial movement of the right knee point and 
accelerated lateral movement of the left knee point. The right knee continued to show this 
pattern until approximately 95% which preceded small decelerated medial movement. On 
the other hand, the left knee point showed large decelerated lateral movement slightly 
before 90%. The right knee point achieved its maximum medio-lateral velocity around 61 
95% whereas the left knee point reached its maximum medio-lateral velocity slightly 
before 90%. 
The range of the antero-posterior displacement of the right knee point was 
considerably smaller as compared to that of the left knee point. The right knee point 
showed small posterior displacement for the initial 30% of the duration of the swing 
which preceded quite stationary position through slightly after 70% of the duration of the 
swing. During the down swing phase, it showed fairly large anterior displacement from 
slightly after 70% of the duration of the swing through IP. On the other hand, the left 
knee point showed fairly large and constant anterior displacement from SU through 
slightly after 70% of the duration of the swing. It then showed quite large posterior 
displacement from slightly after 70% through IP. 
Both points showed quite small antero-posterior linear velocity from SU through 
slightly before 70%. The right knee then showed small accelerated anterior movement 
from slightly before 70% through approximately 90% followed by small decelerated 
anterior movement. On the other hand, the left knee point showed quite large accelerated 
posterior movement which preceded large decelerated posterior movement. The maximum 
for the right knee point and the minimum for the left knee point of the antero-posterior 
linear velocity were achieved slightly before and slightly after 90% of the duration of the 
swing, respectively. 
The range of the vertical displacement of the right knee point was somewhat 
smaller as compared to that of the left knee point. The right knee point showed quite small 
upward displacement for the initial 30% of the duration of the swing which preceded 
slightly larger upward displacement through slightly after 50% of the duration of the 
swing. It then showed fairly stationary position through slightly after 60% followed by 
fairly large downward displacement through approximately 95%. From 95% of the 
duration of the swing through IP, the right knee point showed quite large upward 
displacement. On the other hand, the left knee point showed fairly constant downward 
displacement from SU through approximately 70% followed by large upward 
displacement through slightly after 90% of the duration of the swing. It then showed 
fairly stationary position through IP. 
Both right and left knee points showed quite small vertical linear velocity from SU 
through approximately 60%. The right knee then showed small accelerated downward 
movement through approximately 80% which was followed by a brief period of 
decelerated and accelerated downward movement. It then showed accelerated upward 
movement. On the other hand, the left knee point showed quite large accelerated upward 62 
movement from 60% through slightly before 90%. The upward movement of the left 
knee then showed quite large deceleration from slightly before 90% through slightly after 
95% followed by fairly large accelerated upward movement. 
Generally, the movement of the right and the left knee points were slower during 
the initial 60% of the duration of the swing as compared to those after the top of the 
swing phase. This tendency also existed for the inter-knee segment. Figure 4.7 illustrates 
this phenomenon. 
From SU through approximately 30% of the duration of the swing, the movement 
of the inter-knee segment was a combination of translation and rotation. Figure 4.4 a, f, 
and k displays this movement of the inter-knee segment. Since the movement of the right 
knee point was quite small from 30% through 70% as compared to that of the left knee 
point, the inter-knee segmental rotation in the transverse plane in the take away direction 
occurred around an axis close to the right knee point during this period. This 
phenomenon is well illustrated in Figure 4.4 b through d, g through i, and 1 through n. 
On the other hand, from approximately after the top of the swing phase through 95% of 
the duration of the swing, the movement of the inter-knee segment was a combination of 
translation and rotation. However, the magnitude of the movement during this period was 
considerably larger than that during the initiation of the swing. This difference in the 
magnitude of the inter-knee segment angular displacement is well illustrated in Figure 
4.7. 
During the initial 60% of the duration of the swing, the angular velocity of the 
inter-knee segment was quite small. After 60% of the duration of the swing, the rotation 
of the segment in the take away direction was decelerated and reached its maximum 
rotational position around 70%. After the segment reached its maximum rotational 
position, it showed accelerated rotation in the down swing direction and continued to 
accelerate until slightly after 90% of the duration of the swing. This rotation of the 
segment in the down swing direction continued to decelerate toward 1P. 
The left knee point generally showed a larger magnitude in the movement 
throughout the duration of the swing as compared to that of the right knee point. The 
same tendency was present in the case of the right and the left knee relative angles. Figure 
4.8 displays this tendency. From SU through 30% of the duration of the swing the right 
knee relative angles showed small extension followed by quite stationary angular position 
until 75%. On the other hand, the left knee relative angle showed flexion slightly before 
20% of the duration of the swing through slightly before 80%. The angular velocity of 
both joints was quite small from SU through approximately 70%. After 70% of the 63 
duration of the swing the right knee relative angle showed quite large accelerated flexion 
through 85% followed by decelerated flexion until slightly after 90%. It then showed 
quite large accelerated extension until slightly after 95% which preceded decelerated 
extension. On the other hand, the left knee relative angle showed quite large accelerated 
extension through 90% where it started to decelerate its extension toward IP. 
It should be noted that by combining the results that the quite fixed position of the 
right knee point in the transverse plane as well as the quite stationarily flexed right knee 
relative angular position from approximately 30% through 75% would indicate that elite 
golfers actively fixed their right knee angle during this period rather than passively limit 
the movement of the right knee by relying on the range of motion of the knee joint. 
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Figure 4.8. Right and left knee relative angle ensembled mean angular position and 
velocity versus percent of the duration of the swing (displacement values are from the set-
up position). 
4.2.1.2. Commonality of the Knee Across Conditions 
While the results of the commonality analysis for the normalized time data did not 
show any commonality, the results for the normalized time and value data showed several 
commonalities across conditions. The results of the commonality analysis for the right 
and left knee points as well as the inter-knee segment are illustrated in Figures 4.9, 4.10, 
and 4.11. 
The results of the commonality analysis for the right and the left knee points as 
well as the inter-knee segment showed quite similar patterns. First of all, the results of the 
commonality analysis among three conditions (1W, 31 and 81; top bar graphs) for the 
right and left knee points and the inter-knee segment showed commonality from 
approximately 15% through IP. Secondly, the results between 1W and 31 (the second bar 65 
graphs) for the right knee point and the inter-knee segment showed commonality from 
20% through IP whereas the result for the left knee point showed commonality 
throughout the duration of the swing. Third, the results between 1W and 81 (the third bar 
graphs) for the left knee point and the inter-knee segment showed commonality from 20% 
through IP while the result for the right knee point showed commonality throughout the 
duration of the golf swing. Finally, the results between 31 and 81 (the bottom bar graphs) 
for the right and left knee points as well as the inter-knee segment showed commonality 
from 20% through the IP. 
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Figure 4.9. Results of the commonality analysis for the right knee point linear 
displacement for the normalized time data and the normalized time and value data (the top 
bar graph: F test, the second bar graph: t-1W vs. 31, the third bar graph: t-1W vs. 81, and 
the bottom bar graph: t-31 vs. 81; each grid in horizontal axis represents 10% of the 
duration of the swing; information on the commonality plot is presented in Figure 3.10). 
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Figure 4.10. Results of the commonality analysis for the left knee point linear 
displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.9). 66 
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Figure 4.11. Results of the commonality analysis for the inter-knee segment displacement 
for the normalized time data and the normalized time and value data (information on the 
commonality plot is presented in Figures 3.10 and 4.9). 
4.2.1.3. Characteristics of the Knee Movement 
Based on the results of the kinematic analysis of the knee mechanics, the 
movement of the knee during an optimal golf swing can be effectively divided into four 
phases. 
During the first phase, which covered from SU through approximately 25% of the 
duration of the swing, the knee segment rotated around an axis close to the mid point 
between the right and the left knee points (see Figure 4.4 a, f, and k). This rotation was 
combined with some left to right translational movement. Since, the results of the 
commonality analysis showed no commonality during this period, it would not be 
considered as an essential element. However, since the movement is continuous and 
sequential, although the movement during this time period may not be an essential 
element, it is probably an important movement for each individual in setting one's body to 
an appropriate position. That is, a non-commonality result does not necessarily means 
non-important, rather it simply illustrates that there is more than one way to achieve the 
same task. During this time period, the movement of the knee segment was quite slow 
and steady. These results suggest that the movement during the initial phase was a 
carefully controlled pattern to set the body to an appropriate position rather than 
dynamically generating force to produce greater club head velocity. 
During the second phase, which extended approximately from 25% through 70% 
of the duration of the swing, the right knee point served as a center of rotation for the 
inter-knee segment (see Figure 4.4 b-d, g-i, and 1-n). During this phase, the movement of 
the knee was relatively slow and steady. Since the results of all the commonality analysis 
for this time period showed substantial commonality across conditions, the movement of 67 
the right and left knee points as well as the inter-knee segment during this period would 
be considered as an essential element of the golf swing. 
During the third phase, which covered approximately from 70% through 90%, the 
rotational direction of the inter-knee segment reversed to the down swing direction. At the 
same time, the magnitude of the displacement as well as the velocity showed a substantial 
increase as compared to the previous phases. During this phase, the movement of the 
inter-knee segment was the combination of a quite large translation and rotation. 
During the last phase, the angular velocity of the inter-knee segment reversed its 
direction suggesting rotation of the segment in the down swing direction slowed down 
toward IP. 
Since the results of all the commonality analysis for the third and the fourth 
phases showed substantial commonality across conditions, the movement of the right and 
left knee points as well as the inter-knee segment during these phases would be 
considered as essential elements of the golf swing. 
4.2.2. Mechanics of the Hip 
4.2.2.1. Kinematics of the Hip 
The movement of the right and the left hip points in the transverse plane was quite 
similar across conditions. Ensembled means of the movement of these points as well as 
the rotation of the hip segment in the transverse plane for the three conditions are 
illustrated in Figures 4.12 and 4.13, respectively. 
During the initiation of the swing and throughout the take away phase the 
movement of these points and the segment were fairly slow as compared to those during 
the down swing phase. The right hip point showed quite small posterior and lateral 
displacement followed by quite stationary position through the top of the swing phase. 
On the other hand, the left hip point showed small but fairly constant anterior and medial 
displacement from the initiation of the swing through top of the swing phase. 
During the down swing phase the movement of these points as well as the 
segment was quite fast as compared to those during the take away phase. Both right and 
left hip points showed quite large displacements during the down swing. The right hip 
point showed relatively large anterior and medial displacement while the left hip point 
showed large posterior and lateral movement. The movement of these points in the 68 
vertical direction throughout the duration of the swing was quite small as compare to that 
in the antero-posterior and the medio-lateral direction. 
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Figure 4.12. Ensembled mean position of the right and the left hip points in the transverse 
plane for 1W, 31, and 81 (the gray arrows represent the sequence of the movement of the 
hip points; the black arrow represents the direction of the shot). 69 
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Figure 4.13. Hip segment ensembled mean movement in the transverse plane for 1W, 31, 
and 81 (The first row: 1W (a-e), the second row: 31 (f-j), the third row: 81 (k-o); each grid 
represents 20% of the duration of the swing; The arrow represents the direction of the 
shot). 
The ensembled means of the range of the right and left hip points linear 
displacement as well as the hip segment angular displacement are presented in Table 4.7. 
The range of the displacement in the medio-lateral and antero-posterior direction was 
considerably smaller for the right hip point as compared to that of the left hip point. The 
range of the hip segment angular displacement in the transverse plane was greater for the 
longer clubs as compared to that for the shorter club. 
As was discussed earlier, there were few statistically significant differences in the 
temporal characteristics among conditions. Considering the results that the elite golfers 
achieved greater hip segment rotation for the longer club, it would suggest that these 
golfers achieved greater rotation without altering the movement pattern in proportion to 
the duration of the swing. 
Figure 4.14 compares the medio-lateral and antero-posterior linear displacement 
and velocity of the right and left hip points while Figure 4.15 displays vertical linear 
displacement and velocity of these points. The right hip point showed small lateral 
displacement for the initial 25% of the duration of the swing followed by quite stationary 
position through approximately 60% of the duration of the swing. Prior to the top of the 70 
swing, it started to show medial movement. The rate of the medial movement increased 
from approximately 70% and continued to increase until slightly after 90% of the duration 
of the swing followed by decreased medial movement through IP. The movement of the 
left hip point, on the other hand, showed fairly large medial movement from SU through 
slightly before 70% which preceded quite large lateral movement from 70% through IP. 
Table 4.7. Ensembled means of the range of linear displacement for right and left hip 
point and angular displacement for hip segment. 
Variable  Direction or Plane  Range 
1W  31  81 
Right hip point (m)  Medio-lateral  0.18  0.18  0.15 
Antero-posterior  0.20  0.18  0.17 
Vertical  0.06  0.06  0.05 
Left hip point (m)  Medio-lateral  0.25  0.22  0.20 
Antero-posterior  0.25  0.25  0.22 
Vertical  0.08  0.06  0.07 
Hip segment (0)  Transverse plane  98.17  92.86  86.77 
Both points showed fairly small medio-lateral linear velocity from SU through 
slightly after 60% followed by accelerated medial movement of the right hip point and 
accelerated lateral movement of the left hip point. The right hip continued to show this 
pattern until slightly after 90% followed by large decelerated medial movement. On the 
other hand, the left hip point showed a brief period of deceleration and acceleration of 
lateral movement from 80% through 95% followed by decelerated lateral movement. The 
right hip point achieved its maximum medio-lateral velocity slightly after 90% whereas 
the left hip point reached its maximum medio-lateral velocity approximately 85% of the 
duration of the swing. 71 
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Figure 4.14. Right and left hip points ensembled mean medio-lateral (X: top figure) and 
antero-posterior (Y: bottom figure) linear displacement and velocity versus percent of the 
duration of the swing (displacement values are from the set-up position). 72 
The range of the antero-posterior displacement of the right hip point was 
considerably smaller as compared to that of the left hip point. The right hip point showed 
small posterior displacement for the initial 30% of the duration of the swing which 
preceded quite stationary position through approximately 70% of the duration of the 
swing. During the down swing phase, it showed fairly large anterior displacement from 
slightly after 70% of the duration of the swing through IP. On the other hand, the left hip 
point showed relatively large and constant anterior displacement from SU through slightly 
after 70% of the duration of the swing followed by quite large posterior displacement 
from slightly after 70% through IP. 
Both points showed quite small antero-posterior linear velocity from SU through 
slightly before 70%. The right hip then showed relatively large accelerated anterior 
movement from slightly before 70% through approximately 95% followed by small 
decelerated anterior movement. On the other hand, the left hip point showed relatively 
large accelerated posterior movement which preceded small decelerated posterior 
movement. Both the maximum for the right hip point and the minimum for the left hip 
point of the antero-posterior linear velocity were achieved approximately 95% of the 
duration of the swing. 
The range of the vertical displacement of the right hip point showed a similar trend 
as those of the medio-lateral and antero-posterior displacement. The vertical displacement 
of the right hip point was somewhat smaller as compared to that of the left hip point. This 
tendency also existed for the displacement of the knee points. The right hip point showed 
small and constant upward movement from SU through slightly after 60% of the duration 
of the swing followed by larger downward movement from approximately 65% through 
90% which preceded upward movement through IP. On the other hand, the left hip point 
showed small downward movement from SU through slightly before 60% followed by 
quite constant vertical position through slightly before 80%. It then showed considerably 
large upward movement through IP. 
Both points showed quite constant vertical linear velocity from SU through 
approximately 60%. After 60%, the right hip point showed accelerated downward 
movement through 80% followed by decelerated downward movement through 90%. It 
then showed accelerated upward movement through IP. On the other hand, the left hip 
point showed large accelerated upward movement from slightly before 80% through 
slightly before 90% where it slowed down its upward movement for a brief period. The 
upward movement of the left hip point re-accelerated from 90% through slightly before 
IP. Both the right and the left hip points reached their maximum vertical velocity slightly 73 
0.03	  0.5 
0.02	  0.4 
0.01	  0.3 
R.Hip Z Displacement 
79 0  0.2 
t) 
-0.01 
-0.02 
.c 
-0.03 
-0.04  R.Hip Z Velocity 
IN 
0.2 
-0.3 
20  40  60  80  100 
Percent of the duration of the swing 
Figure 4.15. Right and left hip points ensembled mean vertical (Z) linear displacement 
and velocity versus percent of the duration of the swing (displacement values are from the 
set-up position). 
before IP. The range of the values for the vertical direction was considerably smaller than 
those of for the medio-lateral and antero-posterior directions. However, the range of the 
displacement for the hip points were relatively smaller than those of the knee points. 
As was the case for the knee movement, the movement of the right and the left hip 
points was slower during the initial 60% of the duration of the swing than during the 
down swing phase. This tendency also existed for the hip segment. Figure 4.16 
illustrates this phenomenon. During the take away phase, which corresponds from SU 
through approximately 70% of the duration of the swing, the hip segment showed small 
rotation in the take away direction. It then showed quite large rotation in the down swing 
direction. 
During the initial 65% of the duration of the swing, the angular velocity of the hip 
segment angle projected onto the transverse plane was quite small. After 65%, it showed 
a large accelerated rotation in the down swing direction until it reached its minimum 74 
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Figure 4.16. Hip segment angle projected onto the transverse plane ensembled mean 
angular displacement and velocity versus percent of the duration of the swing 
(displacement values are from the set-up position). 
angular velocity slightly before 95% where it started to slow down its rotation in the 
down swing direction. This rotation then decelerated at a considerably high rate through 
lP. The hip segment reached its minimum angular velocity was slightly after the inter-
knee segment. 
At the initiation of the swing, the movement of the hip segment was a combination 
of translation and rotation followed by rotation around an axis located somewhere 
between the right and left hip points. This rotation continued until approximately 30% of 
the duration of the swing. This movement pattern was quite similar to that of the knees, 
although the magnitude of the movement was larger for the hip points and segment. In 
addition, the duration of this movement pattern was longer for the hip points and segment 
relative to that of the knees. This movement pattern is well illustrated in the Figure 4.13 a, 
f, and k. 
From approximately 30% through 70%, the movement of the right hip point was 
quite small as compared to that of the left hip point. As a result, during this period, the 75 
hip segmental rotation in the transverse plane occurred around an axis close to the right 
hip point. This phenomenon is well illustrated in Figure 4.13 b-d, g-i, and 1-n. This 
movement pattern also existed for the movement of the knees. However, the magnitude 
of the movement of the hip was larger than that of the knee. It should also be noted that 
the duration of this quite stationary right hip point position is quite similar to that of the 
right knee point. 
From approximately after the top of the swing phase through 90% of the duration 
of the swing, the hip segment continued to rotate around an axis close to the right hip 
point. Later in this period, however, the movement consisted of translation and rotation. 
The magnitude of the movement during this period was considerably larger than that of 
during the initiation of the swing. This difference in the magnitude of the hip segment 
angular displacement is well illustrated in Figure 4.16. After approximately 90% of the 
duration of the swing, the hip segment started to rotate around an axis located somewhere 
between the right and the left hip points. The movement of the hip segment during this 
period contained a large translational component in addition to the rotational component. 
The magnitude of the rotation during this period was considerably larger than the 
preceding periods. 
4.2.2.2. Commonality of the Hip Across Conditions 
While the results of the commonality analysis for the normalized time data did not 
show any commonality the results for the normalized time and value data showed several 
commonalities across conditions. The results of the commonality analysis for the right 
and left hip points as well as the hip segment are illustrated in Figures 4.17, 4.18, and 
4.19 
Unlike the results of the commonality analysis for the right and left knee points 
and inter-knee segment, the results of the commonality analysis for the right and the left 
hip points showed quite different patterns. The results of the commonality analysis for the 
right hip point among three conditions (1W, 31 and 81; top bar graphs), between 1W and 
31, and between 1W and 81 showed quite similar patterns (the second and the third bar 
graphs, respectively; see Figure 4.17). The results of these analyses showed substantial 
commonality almost for the entire duration of the swing. On the other hand, the result for 
the right hip between 31 and 81 showed commonality from SU through slightly before 76 
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Figure 4.17. Results of the commonality analysis for the right hip point linear 
displacement for the normalized time data and the normalized time and value data (the top 
bar graph: F test, the second bar graph: t-1W vs. 31, the third bar graph: t-1W vs. 81, and 
the bottom bar graph: t-31 vs. 81; each grid in horizontal axis represents 10% of the 
duration of the swing; information on the commonality plot is presented in Figure 3.10). 
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Figure 4.18. Results of the commonality analysis for the left hip point linear displacement 
for the normalized time data and the normalized time and value data(information on the 
commonality plot is presented in Figures 3.10 and 4.17). 
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Figure 4.19. Results of the commonality analysis for the hip segment displacement for 
the normalized time data and the normalized time and value data(information on the 
commonality plot is presented in Figures 3.10 and 4.17). 77 
20% and from approximately 35% through IP (the fourth bar graph). The results of the 
commonality analysis for the left hip point and the hip segment showed quite similar 
patterns (see Figures 4.18 and 4.19). There was no significant pattern for the results of 
these analyses except for from 50% through slightly after 70% and from 90% through IP. 
During these two periods, the results showed substantial commonality for all conditions 
for both the left hip point and hip segment. 
It should be noted that although the results of the commonality analysis for the left 
hip point did not show a commonality most of the time prior to the top of the swing 
phase, the results of all tests showed commonality around the top of the swing period. 
These results would suggest that even though the movement of the left hip did not show 
commonality during most of the take away phase, the elite golfers appropriately set the 
hip segment in proper position before the top of the swing. 
It should be also noted that the non-commonality result for the hip segment was 
probably responsible for the left knee movement. As was the case for the knee 
movement, there would be more than one movement sequence to appropriately set a body 
position at the top of the swing. 
4.2.2.3. Characteristics of Hip Movement 
Since the movement patterns of the right and the left hip points as well as the hip 
segment were similar to those of the knee points and the inter-knee segment, it would be 
possible and appropriate to divide the movement of the hip into four phases. 
During the first phase, which covered from SU through approximately 30% of the 
duration of the swing, the knee segment rotated around an axis somewhere between the 
right and the left hip points (see Figure 4.13 a-b, f-g, and k-I). This rotation was 
combined with some left to right translational movement. Since, the results of the 
commonality analysis for the right hip point showed commonality during this period, the 
movement of the right hip point during this period would be considered as an essential 
element. As was the case for the knee segment, the movement of the hip segment during 
this period was quite slow and steady although the magnitude of the movement was larger 
for the hip segment as compared to that of the inter-knee segment. These results would 
suggest that the movement during this phase was a carefully controlled pattern to set the 
body to an appropriate position rather than dynamically generating force to produce 
greater club head velocity. 78 
During the second phase, which extended approximately from 30% through 70% 
of the duration of the swing, the right hip point appeared to be a center of rotation for the 
hip segment (see Figure 4.13 b-d, g-i, and 1-n). During this phase, the movement of the 
hip was still relatively slow and steady. Since the results of all the commonality analysis 
for this time period for the right hip point showed substantial commonality across 
conditions, the movement of the right hip point during this period would be considered as 
an essential element of the golf swing. On the other hand the results for the left hip point 
and the hip segment showed substantial commonality from approximately 50% through 
70%, the movements of the left hip and the hip segment would also be considered as an 
essential element of the golf swing. 
The movement pattern of the right and left hip points as well as the hip segment 
during the first and the second phases were quite similar to those of the right and the left 
knee points and the inter-knee segment. However, it should be noted that the duration of 
the first phase was longer for the hip as compared to that of the knee. 
The third phase covered approximately from 70% through 95% of the duration of 
the swing. During this phase, as was the case for the inter-knee segment, the rotational 
direction of the hip segment reversed to the down swing direction. At the same time, the 
magnitude of the displacement as well as the velocity showed a substantial increase as 
compared to that of the previous phases. During the initial portion of this phase, the hip 
segment continued to rotate around an axis close to the right hip point while the latter 
portion of this phase the movement of the hip segment was the combination of quite large 
translation and rotation. Although the movement patterns during this phase were quite 
similar between the knee and the hip, the maximum angular velocity of the hip segment 
was almost double of that of the inter-knee segment. 
At the beginning of this phase, the knee segment reversed its rotational direction 
prior to the hip segment. At this point, as the results of the temporal analyses suggested, 
the upper body segment, namely, the shoulder and the golf club segment, continued to 
rotate to the take away direction. This movement of the upper body would produce the 
`wind up motion' between the knee segment and the hip segment as well as between the 
lower body and the upper body. Until approximately 90% of the duration of the swing, 
the movement of the inter-knee segment always preceded the movement of the hip 
segment. However, during the latter portion of this phase, the inter-knee segment rotation 
in the transverse plane slowed down. As a result, the hip segment started to lead the 
rotation of the body around its longitudinal axis. This phenomenon is displayed in Figure 
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Figure 4.20. Ensembled means of angular displacement and velocity of inter-knee and hip 
segments and hip segment vs. inter-knee segment angles projected onto the transverse 
plane versus percent of the duration of the swing (displacement values are from the set-up 
position). 80 
A series of single factor ANOVAs was performed on the maximum, the 
minimum, and the range of hip segment vs. inter-knee segment angle projected onto the 
transverse plane for three conditions in order to examine if there were any significant 
differences in the magnitude of this movement pattern. This variable, illustrated in the 
Figure 4.20, represented the relationship between the inter-knee segment and the hip 
segment rotation in the transverse plane where a positive value represents the inter-knee 
leading the body rotation and a negative value represents the hip segment leading the 
rotation of the body around its longitudinal axis. The results showed statistically 
significant differences for the minimum and the range (p < .01). The results of the follow 
up tests for the minimum values showed significant differences for t-1W vs. 81 and for t-
3I vs. 81 while the results for the range values showed significant differences for t-1W 
vs. 81. 
These results suggested that elite golfers rotated the hip segment in the transverse 
plane more for 1W than for 81. The results also found that the hip segment rotated more 
toward the down swing direction relative to the inter-knee segment for 1W than for 81 and 
for 31 than for 81. 
During the last phase, the angular velocity of the hip segment reversed its 
direction suggesting the deceleration of the rotation of the segment in the down swing 
direction. Since the results of all the commonality analysis for the fourth phase showed 
substantial commonality across conditions, the movement of the right and left hip points 
as well as the hip segment during this phase would be considered as essential elements of 
the golf swing. In addition to the difference in the magnitude of the angular velocity 
between the inter-knee segment and the hip segment, there was a temporal delay of the 
hip segment in reaching its minimum angular velocity relative to the inter-knee segment. 
The movement of the right thigh segment reflected the movement of the right knee 
and hip points. Figure 4.21 Ab through Ad and Bb through Bd well illustrate the quite 
stationary position of the right thigh segment during this period. As was discussed 
earlier, elite golfers intentionally limit the movement of the right knee point rather than 
rely on the range of motion of the knee joint. These results would suggest that elite 
golfers intentionally utilized the right side of the body as an axis of the body rotation. 
The results of the commonality analysis for the right thigh segment showed a 
similar pattern to those of the right knee and right hip points. Figure 4.22 presents the 
results of the commonality analysis for the right thigh segment. The result of the 
commonality analysis among 1W, 31 and 81 found substantial commonality from 15% 
through slightly before IP. The results between 1W and 31 showed commonality from 81 
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Figure 4.21. Right thigh segment ensembled mean movement in the frontal (A) and 
sagittal (B) plane for 1W, 31, and 81 (The first row: 1W (a-e) for frontal plane, the second 
row: 31 (f j) for frontal plane, the third row: 81 (k-o) for frontal plane; the fourth row: 1W 
(a-e) for sagittal plane, the fifth row: 31 (f-j) for sagittal plane, the sixth row: 81 (k-o) for 
sagittal plane; each grid represents 20% of the duration of the swing; The arrow 
represents the direction of the shot). 82 
20% through 65% and from slightly after 70% through 95%. On the other hand, the 
results between 1W and 81 showed commonality from SU through 95% while the result 
between 31 and 81 showed commonality from 35% through IP. 
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Figure 4.22. Results of the commonality analysis for the right thigh linear displacement 
for the normalized time data and the normalized time and value data (the top bar graph: F 
test, the second bar graph: t-1W vs. 31, the third bar graph: t-1W vs. 81, and the bottom 
bar graph: t-31 vs. 81; information on the commonality plot is presented in Figure 3.10). 
4.2.3. Mechanics of the Shoulder 
4.2.3.1. Kinematics of the Shoulder 
The movement of the right and the left shoulder points in the transverse plane was 
quite similar across conditions. Ensembled means of the movement of these points as 
well as the rotation of the hip segment in the transverse plane for the three conditions are 
illustrated in Figures 4.23 and 4.24, respectively. 
During the initiation of the swing and throughout the take away phase the 
movement of these points and the segment were somewhat slower as compared to those 
during the down swing phase. The right shoulder point initiated its movement with small 
lateral and fairly large posterior and upward displacement. It then showed fairly large 
lateral movement and fairly stationary antero-posterior and vertical movement through the 
top of the swing phase. On the other hand, the left shoulder point showed large and fairly 
constant anterior displacement through the top of the swing while it showed large medial 
movement during the initiation of the swing which preceded fairly stationary displacement 
through the top of the swing phase. The vertical displacement of the left shoulder point 83 
initially showed relatively large downward movement followed by somewhat smaller 
upward movement. 
During the down swing phase the movement of these points as well as the 
segment were relatively faster as compared to those during the take away phase. Both 
right and left shoulder points showed quite large displacements during the down swing  in 
most of the dimensions. The movement of the right shoulder point consisted of relatively 
small medial displacement, quite large anterior displacement, and quite large downward 
displacement. On the other hand, the left shoulder point showed large lateral, posterior, 
and upward movement. Unlike the knee and hip points, the movement of the shoulder 
points in the vertical direction was comparable to those of medio-lateral and antero-
posterior direction. 
The ensembled means of the range of the right and left shoulder points linear 
displacement as well as the shoulder segment angular displacement are presented in Table 
4.8. The range of the displacement in the medio-lateral and antero-posterior direction was 
considerably smaller for the right shoulder point as compared to that of the left shoulder 
point. The range of the shoulder segment angular displacement in the transverse plane 
was greater for the longer clubs as compared to that for the shorter club. In addition, the 
range of the linear and angular displacement for these variables were considerably larger 
than those of knee and hip. 
As was discussed earlier, there were few statistically significant differences in  the 
temporal characteristics among conditions. Considering the results that the elite golfers 
achieved greater shoulder segment rotation for the longer club, it would suggest that these 
golfers achieved greater rotation without altering the movement pattern in proportion to 
the duration of the swing. 84 
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Figure 4.23. Ensembled mean position of the right and the left shoulder points in the 
transverse plane for 1W, 31, and 81 (the gray arrows represent the sequence of the 
movement of the hip points; the black arrow represents the direction of the shot). Figure 4.24. Shoulder segment ensembled mean movement in the transverse plane for 
1W, 31, and 81 (The first row: 1W (a-e), the second row: 31 (f-j), the third row: 81 (k-o); 
each grid represents 20% of the duration of the swing; The arrow represents the direction 
of the shot). 
Table 4.8 Ensembled means of the range of linear displacement for right and left shoulder 
point and angular displacement for inter-knee segment. 
Variable  Direction or Plane  Range 
1W  31  81 
Right shoulder point (m)  Media-lateral  0.21  0.20  0.17 
Antero-posterior  0.21  0.20  0.18 
Vertical  0.23  0.23  0.23 
Left shoulder point (m)  Medio-laterai  0.36  0.34  0.32 
Antero-posterior  0.29  0.29  0.28 
Vertical  0.22  0.22  0.22 
Shoulder segment (°)  Transverse plane  143.7  136.1  129.2 86 
Figure 4.25 compares the medio-lateral and antero-posterior linear displacement 
and velocity of the right and left shoulder points while Figure 4.26 displays vertical linear 
displacement and velocity of these points. The range of the medio-lateral displacement of 
the right shoulder point was considerably smaller as compared to that of the left shoulder 
point. The right shoulder point showed small lateral displacement for the initial 25% of 
the duration of the swing followed by fairly large medial movement through slightly 
before 80%. It then showed large lateral movement from 80% through slightly after 90% 
followed by relatively small medial movement through IP. The movement of the left 
shoulder, on the other hand, showed large medial movement from SU through 
approximately 70% which preceded quite large lateral movement from 70% through 
slightly before IP followed by small medial movement. 
Although the magnitude of the velocity was quite large compared to those of the 
knee and the hip points, both right and left shoulder points showed relatively small 
medio-lateral linear velocity from SU through slightly after 70% followed by accelerated 
medial movement of the right shoulder point and accelerated lateral movement of the left 
shoulder point. The right shoulder continued to show this pattern until slightly before 
80% followed by large decelerated medial movement. On the other hand, the left shoulder 
point showed quite large accelerated lateral movement from slightly after 70% through 
slightly before 90% followed by decelerated lateral movement and accelerated medial 
movement. Both right and left shoulder points achieved their maximum medio-lateral 
velocity slightly before 90%. 
The range of the antero-posterior displacement of the right shoulder point was 
considerably smaller as compared to that of the left shoulder point. The right shoulder 
point showed large posterior displacement for the initial 40% of the duration of the swing 
which preceded small and constant posterior displacement through after 80% of the 
duration of the swing. After 80% of the duration of the swing, it showed quite large 
anterior displacement through IP. On the other hand, the left shoulder point showed 
somewhat smaller anterior displacement from SU through slightly before 50% followed 
by period of small posterior and anterior displacement through slightly after 80%. It then 
showed quite large posterior displacement through IP. 
Both points showed quite small antero-posterior linear velocity from SU through 
approximately 80%. The right shoulder then showed fairly large accelerated anterior 
movement through approximately 95% followed by decelerated anterior movement. On 
the other hand, the left shoulder point showed quite large accelerated posterior movement 
which preceded fairly constant posterior movement. Both the maximum for the right 87 
0.2 
R.Shoulder X Displacement 
2.5 
0.1 
R.Shoulder X Velocity 
1.5 
0 
a)  1 
>, 
al 
11  II IN Mg 
MI  MI I.. 
p... 
0.5 75 
C  U  0 
a) 
-0.2 
.ter  -0.5 
-0.3 
0  20  40  60 
Percent of the duration of the swing 
80  100 
R.Shoulder Y Displacement 
ihwiacefflvqt 
R.Shoulder Y Velocity 
20 40 60  80  100 
Percent of the duration of the swing 
Figure 4.25. Right and left shoulder points ensembled mean medio-lateral (X: top figure) 
and antero-posterior (Y: bottom figure) linear displacement and velocity versus percent of 
the duration of the swing (displacement values are from the set-up position). 88 
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Figure 4.26. Right and left shoulder points ensembled mean vertical (Z) linear 
displacement and velocity versus percent of the duration of the swing (displacement 
values are from the set-up position). 
shoulder point and the minimum for the left shoulder point of the antero-posterior linear 
velocity were achieved approximately 95% of the duration of the swing. 
The linear displacement of right and left shoulder points in medio-lateral and 
antero-posterior directions would be largely due to the rotation of the shoulder segment 
around an inclined axis rather than the linear translation of these points. 
The ranges of the vertical displacement of both right and left shoulder points were 
considerably larger as compared to those of the knee and the hip. In addition, these 
ranges were comparable in magnitude to those of other dimensions. Furthermore, the 
range of the vertical displacement for the right shoulder point was similar to that of the left 
shoulder point. 
The right shoulder point showed fairly large upward displacement for the initial 
50% of the duration of the swing which preceded quite small and constant upward 
displacement through slightly after 70%. From slightly after 70% of the duration of the 
swing, it showed quite large downward displacement through approximately 95% where 89 
the rate of the downward movement declined through IP. On the other hand, the left 
shoulder point showed small downward displacement from SU through approximately 
40% followed by period of small upward and downward displacement through slightly 
after 80%. It then showed quite large upward displacement through IP. 
Both points showed quite small antero-posterior linear velocity from SU through 
slightly before 80%. The right shoulder then showed large accelerated downward 
movement through approximately 90% followed by large decelerated downward 
movement. On the other hand, the left shoulder point showed quite large accelerated 
upward movement through 95% which then showed small deceleration of the upward 
movement. The minimum vertical linear velocity for the right shoulder point was achieved 
approximately 90% whereas the left shoulder point reached its maximum vertical linear 
velocity slightly after 95% of the duration of the swing. 
The vertical displacement of the shoulder point also would be largely due to the 
rotation of the shoulder around an inclined axis. 
Although the difference was fairly small as compared to that of the knee and the 
hip movements, the movement of the right and the left shoulder points were slower 
during the initial 70% of the duration of the swing than during the down swing phase. 
This tendency also existed for the shoulder segment. Figures 4.27 illustrates this 
phenomenon. During the take away phase, which corresponds from SU through 
approximately 70% of the duration of the swing, the shoulder segment showed large 
rotation in the take away direction. It then showed quite large rotation in the down swing 
direction. 
During the initial 70% of the duration of the swing, the angular velocity of the 
shoulder segment angle projected onto the transverse plane was relatively small as 
compared to that during the down swing phase although difference was not as significant 
as those of the inter-knee and the hip segments. After 70%, it showed large accelerated 
rotation in the down swing direction through slightly before 90% where it showed brief 
period of constant velocity which preceded large accelerated rotation in the same direction 
through slightly after 95%. It then showed fairly large deceleration of the rotation in the 
down swing direction. The shoulder segment reached its minimum angular velocity after 
inter-knee and hip segments. 90 
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Figure 4.27. Shoulder segment angle projected onto the transverse plane ensembled mean 
angular displacement and velocity versus percent of the duration of the swing 
(displacement values are from the set-up position). 
The inter-knee and the hip segments initiated their movements with left to right 
translation. The similar movement pattern existed for the shoulder segment although the 
duration of this translational movement was quite short for the shoulder segment as 
compared to those for the inter-knee and the hip segments (see Figure 4.24 a, f, and k). 
After showing slight lateral translational movement during the initiation of the 
swing, the shoulder segment start to rotate around an axis located approximately at the 
mid point between the right and the left shoulder points. Although the location of this axis 
of the rotation was shifted slightly to the right side, it was quite different from those for 
the inter-knee and the hip segments which were located approximately at the right side 
points. The rotation of the shoulder segment as well as the location of its rotational axis 
are well presented in Figure 4.24 b-d, g-j, and 1-n. 
This rotational movement continued until slightly before 70% where it showed 
slight right to left translational movement (see Figure 4.24 d, j, and n). It then showed a 
large rotation in the down swing direction through IP. The angular displacement and 91 
velocity of the shoulder segment was considerably larger as compared to those of the 
inter-knee and the hip segments. 
4.2.3.2. Commonality of the Shoulder Across Conditions 
While the results of the commonality analysis for the normalized time data did not 
show any commonality, the results for the normalized time and value data showed several 
commonalities across conditions. The results of the commonality analysis for the right 
and left knee points as well as the inter-knee segment are illustrated in Figures 4.28, 
4.29, and 4.30. 
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Figure 4.28. Results of the commonality analysis for the right shoulder point linear 
displacement for the normalized time data and the normalized time and value data (the top 
bar graph: F test, the second bar graph: t-1W vs. 31, the third bar graph: t-1W vs. 81, and 
the bottom bar graph: t-31 vs. 81; information on the commonality plot is presented in 
Figure 3.10). 
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Figure 4.29. Results of the commonality analysis for the left shoulder point linear 
displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.28). 92 
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Figure 4.30. Results of the commonality analysis for the shoulder segment displacement 
for the normalized time data and the normalized time and value data (information on the 
commonality plot is presented in Figures 3.10 and 4.28). 
The results of the commonality analyses for the right and the left shoulder points 
as well as the shoulder segment showed fairly similar results to those of the right and the 
left knee points and the inter-knee segment. The results for the right shoulder point 
showed substantial commonality from 10% through IP except for the results between 31 
and 81 (the fourth bar graph) which showed commonality throughout the entire swing 
(see Figure 4.27). While the results for the left shoulder point showed commonality 
throughout the entire duration of the golf swing except for the results between 1W and 81 
(the third bar graph) which showed commonality from 10% through IP (see Figure 
4.28). The results for the shoulder segment also showed the quite similar pattern to those 
of the shoulder points. The results showed commonality from 10% through IP except for 
the results between 31 and 81 (the fourth bar graph) which showed commonality 
throughout the entire duration (see Figure 4.29). 
Although, as was mentioned earlier, the range of absolute values of the shoulder 
segment angular displacement among conditions was considerably different, the results of 
the commonality analysis suggested that the elite golfers did not significantly alter the 
movement pattern in proportion to the duration of the swing. That is, the elite golfers 
achieved greater angular displacement for the longer club without altering the movement 
pattern in proportion to the duration of the swing as well as the range of the angular 
displacement. 93 
4.2.3.3. Characteristics of the Shoulder Movement 
At the initiation of the swing, the shoulder segment showed slight left to right 
translational movement (see Figure 4.24 a, f, and k). This translational movement also 
existed for the inter-knee and the hip segment. The duration of this translational 
movement, however, was considerably shorter for the shoulder segment as compared to 
those of the inter-knee and the hip segments. This brief period of the translational 
movement was followed by quite large rotation in the take away direction around an axis 
located close to the mid point between the right and the left shoulder points (see Figure 
4.24 a-b, f-g, and k-1). This rotation continued through approximately 70% of the 
duration of the swing. Except for the initial 10%, since the results of the commonality 
analysis for the right and the left shoulder points as well as the shoulder segment showed 
commonality during this period, the movement of the these points and the segment during 
this period would be considered as essential elements. Although the difference was not as 
large as those of the inter-knee and the hip segments, the movement of the shoulder 
segment during this period was relatively slow and steady as compared to that during the 
down swing phase. In addition, the magnitude of the movement of the shoulder segment 
was considerably larger for the shoulder segment as compared to those of the inter-knee 
and the hip segments. 
The transition phase from the take away to the down swing phase for the shoulder 
segment showed temporal delay as compared to those of the inter-knee and the hip 
segment. 
During the first portion of the down swing phase which covered approximately 
from 70% through 95% of the duration of the swing, as was the case for the inter-knee 
and the hip segments, the rotational direction of the shoulder segment reversed tothe 
down swing direction. At the same time, the magnitude of the displacement as well as the 
velocity showed substantial increase as compared to that during the take away phase. 
During the initial portion of this phase, the shoulder segment showed a brief period of 
translational movement which preceded a large accelerated rotation through slightly after 
95%. The maximum angular velocity of the shoulder segment was considerably larger 
than that of the inter-knee and the hip segments. 
At the beginning of this phase, the knee segment reversed its rotational direction 
prior to the hip segment followed by the shoulder segment. This sequential temporal 
delay of initiating the down swing of the hip segment relative to the inter-knee segment as 
well as the shoulder segment relative to the hip segment would produce the 'wind up 94 
4.31 
motion' between the knee segment and the hip segment as well as between the lower 
body and the upper body. As was discussed earlier, until approximately 90%, the 
movement of the inter-knee segment always preceded the movement of the hip segment 
where the hip segment started to lead the rotation of the body around its longitudinal axis. 
On the other hand, the rotation of the shoulder segment was led by these lower body 
segments throughout the duration of the swing. This phenomenon is displayed in Figure 
A series of single factor ANOVAs was performed on the maximum, the 
minimum, and the range of shoulder segment vs. hip segment angle projected onto the 
transverse plane for three conditions in order to examine if there were any significant 
differences in the magnitude of this movement pattern. This variable represented the 
relationship between the hip segment and the shoulder segment rotation in the transverse 
plane where a positive value represents the hip leading the body rotation and a negative 
value represents the shoulder segment leading the rotation of the body around its 
longitudinal axis. The results did not show any statistically significant differences for the 
minimum, maximum, and the range across conditions. 
During the last phase, the angular velocity of the shoulder segment reversed its 
direction suggesting the deceleration of the rotation of the segment in the down swing 
direction. Since the results of all the commonality analysis for the fourth phase showed 
substantial commonality across conditions, the movement of the right and left shoulder 
points as well as the shoulder segment during this phase would be considered as essential 
elements of the golf swing. In addition to the difference in the magnitude of the angular 
velocity among the inter-knee, the hip, and the shoulder segments, there were temporal 
characteristic differences for these segments reaching the minimum angular velocity or the 
initiation of the deceleration of the segmental rotation in the down swing direction. The 
inter-knee segment reached its minimum angular velocity first followed by the hip 
segment which preceded the shoulder segment. 95 
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Figure 4.31. Inter-knee, hip, and shoulder segment angles projected onto the transverse 
plane ensembled mean angular position and velocity versus percent of the duration of the 
swing (displacement values are from the set-up position). 96 
4.3. Analysis of the Upper Limbs 
The second and a minor component is the movement of the upper limb segments. 
As compared to the body segments responsible for the body rotation, the upper limb 
segments possess not only smaller masses but also less strength. In addition, the results 
of the temporal characteristics as well as the analysis of the body rotation revealed that the 
sequence of golf swings were generally initiated from the lower body followed by the 
upper body which preceded the golf club. Therefore, the upper limb segments would 
serve as intermediate objects effectively and accurately transmitting forces generated by 
the body rotation to the golf club rather than generating forces to achieving a greater club 
head speed at the moment of impact. 
Since the main concern of a golfer would be to effectively transmit forces 
generated by the body rotation to the golf club, the kinematics of the wrist is a major 
concern. However, since the segments are connected together and their movements are 
sequential, the movement of a proximal segments would affect the movement of distal 
segments. 
As was mentioned earlier, in a multi joint movement, there is more than one 
movement which would achieve the required movement of the distal point. This would be 
the case for the upper limb segments. Therefore, logically, the distal points should show 
more commonality than the proximal points. 
The movement of the body segments responsible for the body rotation can be 
expressed utilizing an external reference frame such as the one used in the present 
research and provide meaningful information. On the other hand, the movement of the 
upper limb segments expressed in the same method would not facilitate fruitful results 
since the movement of these segments are relative to the body rotation rather than relative 
to the external reference frame. In addition, since there is no fixed internal reference frame 
for the body rotation, it was not possible to explain the movement of the upper limb 
segments relative to the body rotation. Therefore, the movement of the upper limbs were 
discussed by means of angular kinematic variables rather than linear kinematic variables. 97 
4.3.1. Mechanics of the Right Upper Limbs 
4.3.1.1. Kinematics of the Right Upper Limbs 
Right upper limb segments consist of right upper arm and right forearm segments 
or right shoulder, right elbow, and right wrist segmental end points. These segments or 
segmental end points forms right shoulder, elbow, and wrist joints. 
For these joints, the normalized time data showed less variability as compared to 
those of the normalized time and value data. These results would suggest that for these 
variables, normalized time data were more appropriate measurement than normalized time 
and value data. Therefore, the normalized time data were utilized in this section. 
The absolute values for these variables are presented in Table 4.9. The results of a 
series of single factor ANOVAs for the range of absolute values of these variables did not 
find statistically significant difference among conditions. 
Table 4.9. Ensembled means of the range of angular displacement for right shoulder, 
elbow, and wrist joints. 
Joint  Type of Angle  Range 
1W  31  81 
Right Shoulder (°)  Relative Angle  64.9  65.1  61.2 
Right Elbow (°)  Relative Angle  103.3  100.7  101.1 
Right Wrist (0)  Relative Angle  69.9  71.7  70.6 
Figure 4.32 illustrates angular displacement and velocity of the right shoulder, 
elbow, and wrist joint relative angles. These relative joint angles showed quite stationary 
position from SU through approximately 20% of the duration of the swing. The right 
shoulder showed relatively small extension from slightly before 30% through 70% 
followed by large flexion through slightly after 95% which preceded large extension 
through IP. The right elbow joint, on the other hand, showed quite large flexion from 98 
50 
25 
0 
-25 
a 
I 
-50 
-75 
-100 
0 
R.Shoulder AD 
R.Elbow AD 
S 
1IMIN 
20  40  60  80 
Percent of the duration of the swing 
I 
100 
R.Shoulder AV 
R.Elbow AV 
20  40 60  80 
Percent of the duration of the swing 
Figure 4.32. Right shoulder, elbow, and wrist joint relative angles ensembled mean 
angular displacement and velocity versus percent of the duration of the swing 
(displacement values are from the set-up position). 
100 99 
20% through 70% which preceded fairly stationary position through slightly after 80%. It 
then showed quite large extension from after 80% through IP. The right wrist joint 
showed relatively small flexion from approximately 25% through 60% followed by fairly 
stationary position through 80% which preceded by small flexion. It then showed quite 
large extension from 90% through IP. 
These joints showed quite small angular velocity from SU through 20%. The 
right shoulder joint showed quite small and constantly accelerating extension from 20% 
through 60% followed by small decelerating extension through 75% which preceded 
fairly large accelerating flexion through approximately 90%. It then showed quite large 
deceleration in flexion through 95% followed by large accelerating extension through 1P. 
The right elbow joint showed small acceleration in flexion from 10% through 40% 
followed by small decelerating flexion through 70% which preceded period of constant 
velocity. It then showed quite large accelerating extension from 80% through slightly 
before IP followed by considerably large deceleration in extension through IP. The right 
wrist joint showed slight acceleration in flexion from 20% through 40%. This movement 
was followed by period of decelerating flexion, accelerating extension, decelerating 
extension, and accelerating flexion through slightly before 90%. It then showed 
considerably large acceleration in extension through slightly after 95% followed by quite 
large deceleration in extension. The minimum angular velocity for the right shoulder joint 
and the maximum angular velocity for the right elbow and wrist joints were reached at 
89.0%, 98.5%, and 97.0%, respectively. 
4.3.1.2. Commonality of the Right Upper Limbs Across Conditions 
Unlike the kinematic variables representing the body rotation, normalized time 
data were more appropriate measurement to characterize the movement of the upper limb 
segments during golf swings. Therefore, the normalized time data were employed in this 
section. The results of the commonality analysis for the right shoulder, elbow, and wrist 
joint relative angles are illustrated in Figures 4.33, 4.34, and 4.35. 
The results of the commonality analysis for these variables showed quite different 
results. The results for the right shoulder joint relative angle showed extensive 
commonality across conditions for the entire duration of the swing except for the initial 
15% of the duration of the swing. During this period, the results among three conditions 100 
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Figure 4.33. Results of the commonality analysis for the right shoulder joint relative 
angle angular displacement for the normalized time data and the normalized time and value 
data (the top bar graph: F test, the second bar graph: t-1W vs. 31, the third bar graph: t-
1W vs. 81, and the bottom bar graph: t-31 vs. 81; each grid in horizontal axis represents 
10% of the duration of the swing; information on the commonality plot is presented in 
Figure 3.10). 
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Figure 4.34. Results of the commonality analysis for the right elbow joint relative angle 
angular displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.33). 
ANGLE  R.WRIST (R_WRIST)  :  
NORMALIZED TIME  
U  I  
NORMALIZED TIME & UALUE  
Figure 4.35. Results of the commonality analysis for the right wrist joint relative angle 
angular displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.33). 
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(1W, 31 and 81; see Figure 4.33; top bar graphs) and between 1W and 81 (the third bar 
graph) did not show commonality. 
The results for the right elbow joint relative angle did not show any clear pattern. 
The results of the commonality analysis among three conditions showed commonality 
from SU through slightly after 10% and from 45% through 60% while the results 
between 1W and 81 did not show any commonality (see Figure 4.33; top and the third bar 
graphs, respectively). The results between 1W and 31 and 31 and 81 showed somewhat 
similar results. The results for between 1W and 31 (the second bar graph) showed 
commonality from SU through 10% and from 30% through IP while the results between 
31 and 81 (the bottom bar graph) showed commonality throughout the duration of the 
swing. 
The results of the commonality analysis for the right wrist joint relative angle 
generally showed extensive commonality from 20% through 70% (see Figure 3.34). The 
results among three conditions (the top bar graph) and between 1W and 81 (the third bar 
graph) did not show commonality from SU through 20% and from 70% through 90%. 
4.3.1.3. Characteristics of the Right Upper Limb Movement 
The movement of the right upper limb segments was fairly slow during the take 
away phase of golf swings while the movement during the down swing phase was 
considerably fast. During the initial 20% of the duration of the swing, the movement of 
the right upper limb joints was quite stationary. This would suggest, as was the case for 
the body rotation, the movement of the right upper limb segments during this period was 
a carefully controlled movement rather than actively generating forces to swing a golf 
club. In addition, by considering the results of the analysis of the body rotation which 
initiated the movement with left to right translation, the right upper limb segments also 
moved together with these body segments rather than moving independently from other 
body segments. These results would suggest that the movement of the right upper limb 
segments were coordinated or in phase movement with other body segments. 
During the down swing phase the movement of the right upper limb segments 
was quite large. The results showed interesting temporal characteristics for angular 
velocity in reaching local extremes prior to IP. Figure 4.36 illustrates the relationships 
between the club head linear velocity and the right upper limb joints angular velocities. 
The right shoulder joint reached its minimum at 89% whereas the right elbow reached its 102 
maximum at 98.5%. On the other hand, the right wrist reached its maximum at 97% 
which was the same temporal characteristics as the club head reaching its maximum 
resultant linear velocity. 
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Figure 4.36. Club head resultant linear velocity and right shoulder, elbow, and wrist joint 
relative angles ensembled mean angular velocity versus percent of the duration of the 
swing (from 60% through 100%) (displacement values are from the set-up position). 
During this period, the right shoulder showed quite large flexion. This quite large 
flexion of the right shoulder joint reduces the distance between the club head and the 
trunk which effectively increases the club head velocity due to reduced angular 
momentum. Since the movement of the right shoulder was temporally leading the 
movement of the club head, the movement of the shoulder during this phase would be 
actively promoting greater club head velocity rather than a passive movement. The 
movement of the right elbow, on the other hand, would be passive rather than active. The 
maximum angular velocity of the right elbow joint reached after the club head reached its 
maximum. These results may suggest that the right elbow joint was passively extended 103 
by the golf club during the down swing phase rather than actively generating forces to 
swing a golf club. 
4.3.2. Mechanics of the Left Upper Limbs 
4.3.2.1. Kinematics of the Left Upper Limbs 
Left upper limb segments consist of left upper arm and left forearm segments or 
left shoulder, left elbow, and left wrist segmental end points. These segments or 
segmental end points forms left shoulder, elbow, and wrist joints. 
For these joints, the normalized time data showed less variability as compared to 
those of the normalized time and value data. These results would suggest that for these 
variables, normalized time data were more appropriate measurement than normalized time 
and value data. Therefore, the normalized time data were utilized in this section. 
The absolute values for these variables are presented in Table 4.10. The results of 
a series of single factor ANOVAs for the range of absolute values of these variables did 
not find any statistically significant difference. 
Figure 4.37 illustrate the resultant club head linear velocity and angular 
displacement and velocity of left shoulder, elbow, and wrist joint relative angles. These 
relative joint angles showed quite stationary position from SU through approximately 
15% of the duration of the swing. The left shoulder showed quite large extension from 
slightly before 20% through 70% followed by large flexion through IP. The left elbow 
joint, on the other hand, did not show any significant movement throughout the duration 
of the swing. The left wrist joint showed small extension from 15% through 30% 
followed by relatively large flexion through 75% where it showed quite stationary 
position through slightly before 90%. It then showed considerably large extension 
through slightly before IP followed by stationary position. 104 
Table 4.10. Ensembled meaps of the range of angular displacement for right shoulder, 
elbow, and wrist joints. 
Joint  Type of Angle  Range 
1W 3I  8I 
Left Shoulder (°)  Relative Angle  90.5  93.7  91.2 
Left Elbow (°)  Relative Angle  31.4  32.2  30.8 
Left Wrist (°)  Relative Angle  86.8  84.8  75.5 
These joints showed relatively small angular velocity from SU through 75%. The 
left shoulder joint showed quite small and constantly accelerating extension from 10% 
through 40% followed by small decelerating extension through 75% which preceded 
fairly large accelerating flexion through approximately 90%. It then showed fairly large 
deceleration in flexion through 95% followed by relatively constant velocity through IP. 
The left elbow joint showed quite constant angular velocity throughout the duration of the 
swing. The left wrist joint showed small accelerating extension for the initial 20% 
followed by small accelerating flexion through approximately 60% which preceded small 
decelerating flexion through 75%. It then showed quite constant angular velocity through 
85% followed by considerably large acceleration in extension through 95%. This large 
accelerating extension phase was followed by quite large deceleration in extension 
through IP. The minimum angular velocity for the left shoulder joint and the maximum 
angular velocity for the left wrist joint were reached at 90% and 96%, respectively. I 
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Figure 4.37. Left shoulder, elbow, and wrist joint relative angles ensembled mean 
angular displacement and velocity versus percent of the duration of the swing 
(displacement values are from the set-up position). 106 
4.3.2.2. Commonality of the Left Upper Limbs Across Conditions 
The normalized time and value angular displacement variables for the upper limb 
segments showed larger variances as compared to that of the normalized time data. Unlike 
the kinematic variables representing the body rotation, normalized time data were more 
appropriate measurements to characterize the movement of the upper limb segments 
during golf swings. Therefore, the normalized time data were employed in this section. 
The results of the commonality analysis for the left shoulder, elbow, and wrist joint 
relative angles are illustrated in Figures 4.38, 4.39, and 4.40. 
The results of the commonality analysis for these variables showed quite different 
results. The results for the left shoulder joint relative angle showed similar results to those 
of the right upper limbs. It showed extensive commonality across conditions for the entire 
duration of the swing except for the initial 15% and last 10% of the duration of the swing. 
During this period, the results among three conditions (1W, 31 and 81; see Figure 4.38 
top bar graphs) and between 1W and 81 (the third bar graph) did not show commonality. 
In addition, the during the last 10%, the results between 1W and 31 (the second bar 
graph) also did not show commonality. 
The results for the left elbow joint relative angle also showed extensive 
commonality. The results generally showed commonality throughout the duration of the 
swing except for 80% through 95%. During 80% through 95%, the results among three 
conditions (1W, 31, and 81; see Figure 4.39 top bar graph), between 1W and 31 (the 
second bar graph), and between 1W and 81 (the third bar graph) did not show 
commonality. 
The results of the commonality analysis for the left wrist joint relative angle 
showed similar results to those of the right wrist joint. It generally showed extensive 
commonality from SU through 80% (see Figure 3.40) and 90% through IP. The results 
among three conditions (the top bar graph) between 1W and 31 (the second bar graph), 
and between 1W and 81 (the third bar graph) did not show commonality from 80% 
through 90%. 107 
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Figure 4.38. Results of the commonality analysis for the left shoulder joint relative angle 
angular displacement for the normalized time data and the normalized time and value data 
(the top bar graph: F test, the second bar graph: t-1W vs. 31, the third bar graph: t-1W vs. 
81, and the bottom bar graph: t-31 vs. 81; each grid in horizontal axis represents 10% of 
the duration of the swing; information on the commonality plot is presented in Figure 
3.10). 
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Figure 4.39. Results of the commonality analysis for the left elbow joint relative angle 
angular displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.38). 
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Figure 4.40. Results of the commonality analysis for the left wrist joint relative angle 
angular displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.38). 108 
4.3.2.3. Characteristics of the Left Upper Limb Movement 
The movement of the left upper limb segments was fairly slow during the take 
away phase of golf swings while the movement during the down swing phase was 
considerably fast. During the initial 20% of the duration of the swing, the movement of 
the left upper limb joints was quite stationary. This would suggest, as was the case for 
the body rotation as well as the right upper limbs, the movement of the left upper limb 
segments during this period was a carefully controlled movement rather than actively 
generating forces to swing a golf club. In addition, by considering the results of the 
analysis of the body rotation which initiated the movement with left to right translation, 
the left upper limb segments also moved together with these body segments rather than 
moving independently from other body segments. These results would suggest that the 
movement of the left upper limb segments were a coordinated or in phase movement with 
other body segments. 
During the down swing phase the movement of the left upper limb segments was 
quite large. The relationship of the temporal characteristics between club head resultant 
linear velocity and the left upper limbs showed interesting results in reaching local 
extremes prior to IP. Figure 4.41 illustrates the relationships between the club head linear 
velocity and the left upper limb joints angular velocities. The left shoulder joint reached its 
minimum at 90% whereas the left wrist reached its maximum at 96% which was similar 
temporal characteristics as the club head reaching its maximum resultant linear velocity. 
During this period, the left shoulder showed quite large flexion. This quite large 
flexion of the left shoulder joint shortened the distance between the club head and the 
trunk which effectively increases the club head velocity due to reduced angular 
momentum. Since the movement of the left shoulder was temporally leading the 
movement of the club head, the movement of the shoulder during this phase would be 
actively promoting greater club head velocity rather than passive movement. 109 
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Figure 4.41. Club head resultant linear velocity and left shoulder, elbow, and wrist joint 
relative angles ensembled mean angular velocity versus percent of the duration of the 
swing (from 60% through 100%) (displacement values are from the set-up position). 
4.4. Analysis of the Golf Club and the Center of Mass 
4.4.1. Mechanics of the Golf Club 
4.4.1.1. Kinematics of the Golf Club 
The movement of the golf club would be the most discussed topic in golf although 
it simply reflects the results of the movement of the body segments and joints. However, 
it would be very true that highly skilled golfers would have similar movement pattern of 
golf clubs in space. This would be because a result of a golf shot is directory affected by 
the movement of the golf club since the object actually making contact with the ball is the 
golf club. 110 
The ensembled means of range of absolute values for the golf club segment angle 
projected onto the transverse and frontal planes are provided in Table 4.11. The results 
found statistically significant differences for the range of golf club segment angle 
projected onto the transverse plane (p < .01) and frontal plane (p < .01). The results of 
the follow up tests for the golf club segment angle projected onto the transverse plane 
found statistically significant differences for t-1W vs. 81. The results for the golf club 
segment angle projected onto frontal plane showed statistically significant differences for 
t-1W vs. 31, t-1W vs. 81, and t-31 vs. 81. 
These results suggested that elite golfers achieved greater golf club segmental 
rotation for the longer clubs without substantially altering the movement pattern in 
proportion to the duration of the swing as well as the range of the rotation. 
Table 4.11. Ensembled means of the range of angular displacement of golf club segment 
angle projected onto the transverse and frontal planes (statistically significant results at a 
= .10: t: F test,  t-1W vs. 31, §: t-1W vs. 81, and 0: t-31 vs. 81). 
Segment  Reference Plane  Range 
1W 31  81 
Golf Club (°)  Transverse  319.0t§  318.1t  289.911 
Golf Club (°)  Frontal  287.9tt§  275.1-40  260.4110 
Figures 4.42, 4.43, and 4.44 illustrate the ensembled means of the club head 
displacement in the frontal, transverse, and sagittal planes. The movement of the club 
head generally showed similar patterns across conditions. Figures 4.45A and 4.45B 
present the club head segment ensembled mean movement in the frontal and transverse 
planes. Figures 4.46 and 4.47 illustrate the club head ensembles mean linear displacement 
and velocity in medio-lateral and antero-posterior and vertical and resultant, respectively. 111 
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Figure 4.42. Ensembled mean displacement of the club head point in the frontal plane for 
1W, 31, and 81 (the gray arrows represent the sequence of the movement of the club head 
point; the black arrow represents the direction of the shot). 
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Figure 4.43. Ensembled mean displacement of the club head point in the transverse plane 
for 1W, 31, and 81 (the gray arrows represent the sequence of the movement of the club 
head point; the black arrow represents the direction of the shot). 113 
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Figure 4.44. Ensembled mean displacement of the club head point in the sagittal plane for 
1W, 31, and 81 (the gray arrows represent the sequence of the movement of the club head 
point; the direction of the shot is the depth of the field). 
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Figure 4.45. Golf club segment ensembled mean movement in the transverse (A) and
frontal (B) planes for 1W, 31, and 81 (The first row: 1W (a-e), the second row: 31 (f-j),
the third row: 81 (k-o); each grid represents 20% of the duration of the swing; The arrow
represents the direction of the shot). 115 
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Figure 4.46. Club head point ensembled mean medio-lateral (X: top figure) and antero-
posterior (Y: bottom figure) linear displacement and velocity versus percent of the 
duration of the swing (displacement values are from the set-up position). 116 
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Figure 4.47. Club head ensembled mean vertical (Z: top figure) and resultant (R: bottom 
figure) linear displacement and velocity versus percent of the duration of the swing 
(displacement values are from the set-up position). 
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During the initial 10% of the swing, linear displacement in antero-posterior and 
vertical direction showed quite stationary position. On the other hand, medio-lateral 
displacement showed small left to right displacement during this period. After 10% the 
club head linear displacement in all directions showed quite large movement. In medio-
lateral direction, the club head continued to show left to right displacement through 
approximately 35% followed by right to left displacement through approximately 75%. 
The club head linear displacement if antero-posterior direction showed quite large 
backward displacement from 10% through 50% which preceded large forward movement 
through approximately 75%. The club head linear displacement in vertical direction also 
showed quite large movement from 10% of the duration of the swing. It showed quite 
large upward movement from 10% through 55% followed by small downward movement 
through approximately 75%. 
After 75%, which corresponded to the down swing phase, the medio-lateral 
displacement showed quite large left to right displacement through 95% followed by quite 
large right to left displacement through IP. The displacement in antero-posterior direction 
showed relatively small backward movement from 75% through 90% which preceded 
quite large forward movement from 90% through slightly before 100% followed by quite 
stationary antero-posterior position through 100%. The vertical displacement showed 
small upward movement from 7% through slightly before 90% followed by large 
downward movement through IP. 
It should be noted that in all directions, the range of the linear displacement was 
larger during the take away phase than during the down swing phase of the golf swing. 
These results would suggest that the club head path during the down swing phase went 
through inside of that during the take away phase. 
The club head linear velocity was quite small during the initial 10% in all 
dimensions. The medio-lateral velocity showed small accelerated left to right movement 
from SU through approximately 20% followed by small deceleration in left to right 
movement through 30% which preceded small accelerated right to left movement through 
50%. It then showed deceleration in right to left movement through 75% followed by 
fairly large accelerated left to right movement through 90% which preceded decelerated 
left to right movement through 95%. It then showed considerably large accelerated right 
to left movement through IP. 
The antero-posterior velocity showed small accelerated backward movement from 
10% through 35% followed by decelerated backward movement through 50% which 
preceded large accelerated forward movement through 60%. It then showed deceleration 118 
in forward movement through 75%. It showed accelerated backward movement from 
75% through slightly after 85% followed by deceleration in the backward movement 
through 90%. This decelerated backward movement was followed by quite large 
accelerated forward movement through 95% followed by quite large deceleration in the 
forward movement through IP. 
The vertical velocity showed quite stationary position for the initial 10% of the 
swing followed by small accelerated upward movement through slightly before 40%. It 
then showed decelerated upward movement through 55% which preceded small 
accelerated downward movement through 65% followed by small deceleration in the 
downward movement through 75%. This movement was followed by small accelerated 
upward movement through 85% which preceded decelerated upward movement through 
slightly before 90%. It then showed considerably large acceleration in downward 
movement through 95% followed by decelerated downward movement through IP. 
The resultant linear velocity of the club head showed relatively small velocity 
during the take away phase of the golf swing which corresponded to the SU through 
75%. During initial 40%, it showed small increase followed by small decrease until 75%. 
It then showed quite large acceleration through 97% followed by fairly large deceleration 
through 100%. The ensembled mean maximum club head point resultant linear velocity 
was 36.6m/sec which was reached at 97.0% of the duration of the swing. The 
corresponding angular displacement and velocity of the golf club segment were 57.5° and 
-2048.9°/sec in the transverse plane and 47.6° and -1958.6°/sec in frontal plane. 
4.4.1.2. Commonality of the Golf Club Across Conditions 
As was discussed earlier, normalized time and value data were found to be more 
appropriate variables to characterize linear data while normalized time data appeared to be 
more appropriate variables in order to characterize angular data. This tendency was also 
present for the results for the golf club kinematics. Figures 4.48, 4.49, and 4.50 illustrate 
the results of commonality analysis for linear displacement of the club head point and the 
golf club segment as well as the golf club segment angular displacement. 
For the linear displacement data, normalized time and value data showed more 
commonality as compared to those of normalized time data. The results of the 
commonality analysis for club head point and golf club segment linear displacement 
showed similar patterns (see Figures 4.48 and 4.49). Both variables generally showed 119 
commonality from 30% through 60% and from slightly before 90% through slightly 
before IP. The duration of the commonality was somewhat shorter for golf club segment 
since the commonality analysis combined two kinematic variables, club head and grip 
points, for the golf club segment. 
The results between 1W and 31 (the second bar graphs) as well as between 31 and 
81 (the bottom bar graphs) showed longer duration as compared to that between 1W and 
81 (the third bar graphs) and among three conditions (the top bar graphs). The results 
among the three conditions showed commonality from 30% through 60% and from 
slightly before 90% through slightly before IP. The results between 1W and 31 showed 
commonality from 30% through 65% whereas the results between 31 and 81 showed 
commonality from 15% through slightly before 65%. 
The results for golf club segment angular displacement showed somewhat similar 
results to those of the club head point and the golf club segment, although the duration of 
the commonality was considerably longer for the golf club segment angular displacement. 
The results generally showed commonality from 20% through 60% and from 90% 
through slightly before IP. As was the case for the results for the club head point and the 
golf club segment linear displacement, the duration of the commonality for the golf club 
angular displacement between 1W and 31 and between 31 and 81 was considerably longer 
than that between 1W and 81. 
The results among three conditions showed commonality from slightly after 30% 
through slightly before 65% and from 90% through slightly before IP. The results 
between 1W and 31 showed commonality from 15% through slightly after 70% and from 
90% through IP while the results between 31 and 81 showed commonality from SU 
through slightly after 65% and from 85% through IP. The duration of the commonality 
between 1W and 81 was shortest among all results which showed commonality from 
slightly after 20% through 60% and from slightly after 90% through slightly before IP. 120 
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Figure 4.48. Results of the commonality analysis for the club head point linear 
displacement for the normalized time data and the normalized time and value data (the top 
bar graph: F test, the second bar graph: t-1W vs. 31, the third bar graph: t-1W vs. 81, and 
the bottom bar graph: t-31 vs. 81; each grid in horizontal axis represents 10% of the 
duration of the swing; information on the commonality plot is presented in Figure 3.10). 
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Figure 4.49. Results of the commonality analysis for the golf club segment linear 
displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.48). 
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Figure 4.50. Results of the commonality analysis for the golf club segment angular 
displacement for the normalized time data and the normalized time and value data 
(information on the commonality plot is presented in Figures 3.10 and 4.48). 121 
4.4.1.3. Characteristics of the Golf Club Movement 
The results of the temporal characteristics showed non significant results for the 
occurrence of the club top of the swing (CT) while the result of a single factor ANOVA 
on the range of the golf club rotation in the frontal plane showed statistically significant 
difference among conditions. These results suggested that the elite golfers achieved 
greater rotation of the golf club segment in the frontal and transverse planes for longer 
clubs as compared to shorter clubs without significantly altering the movement pattern in 
proportion to the duration of the swing as well as the range of the movement of the golf 
club segment. 
As was the case for other kinematic variables discussed earlier, the movement of 
the club head was quite slow during the take away phase of the golf swing as compared 
to that during the down swing phase (see Figures 4.46 and 4.47). The results of the 
kinematic analysis of the club head showed that the only significant movement during the 
initial 10% of the swing occurred in medio-lateral direction. This phenomenon is 
illustrated in Figure 4.45A a, f, k, and 4.45B a, f, and k. 
After 10%, the movement of the club head showed relatively large displacement in 
all directions although the resultant velocity was fairly small. This relatively slow 
movement continued until approximately 75% which corresponded to CT. During the 
initial portion of the down swing phase, the movement of the club head was still relatively 
slow which continued until approximately 85%. It then showed considerably large 
acceleration in all dimensions producing a large resultant velocity. The maximum resultant 
linear velocity of the club head occurred at 97.0% of the duration of the swing. 
The club head may not achieve large linear velocity at or around the moment of 
impact unless some external forces have been applied prior to the impact. The application 
of the external forces has to be executed in an appropriate manner with an appropriate 
sequence. Figure 4.51 illustrates relationships between club head resultant linear velocity 
and other body segment and joint angular velocities from 70% through 100% of the 
duration of the swing. The inter-knee segment reached its minimum angular velocity at 
93.5% while the hip segment achieved its minimum at 94.5%. Both the inter-knee and the 
hip segments reached their minima prior to the club head reaching its maximum. On the 
other hand the shoulder segment angle achieved its minimum angular velocity at 97.0%. 
The right shoulder joint angle reached its minimum angular velocity at 89.0% while the 
right elbow joint achieved its maximum at 98.0% and the right wrist joint maximum 
occurred at 96.5%. The left shoulder joint reached its minimum at 90.0% while the left -1000 
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Figure 4.51. Club head ensembled mean resultant linear velocity and shoulder, hip, and 
inter-knee segment angular velocities (top figure) and right and left upper limb joint 
angular velocities (middle and bottom figures) versus percent of the duration of the 
swing. 123 
wrist joint maximum angular velocity occurred at 96%. The left elbow joint was fairly 
stationary throughout the duration of the swing. These results would suggest that the 
segments or joints which reached their local extremes prior to that of the club head may 
actively contribute to produce greater club head velocity at the movement of impact 
whereas those segments and joints which reached their local extremes following that of 
the club head may be passively utilized to effectively transmit forces generated by other 
body segments. 
4.4.2. Mechanics of the Center of Mass 
4.4.2.1. Kinematics of the Center of Mass 
The results of the kinematic analysis showed that the elite golfers initiated the golf 
swing movement by left to right translational movement. During this period, each body 
segment appeared to move as a single body rather than moving individually. Table 4.12 
presents the range of absolute linear displacement of the center of mass point in the 
medio-lateral, antero-posterior, and vertical directions. Figure 4.52 presents ensembled 
mean center of mass linear displacement in the medio-lateral, antero-posterior, and 
vertical direction versus percent of the duration of the swing. Figure 4.53 illustrates 
ensembled mean center of mass position in the transverse plane while Figure 4.54 
displays ensembled mean center of mass position in the frontal plane. These figures 
showed the similar tendency during the initial 15% of the duration of the swing. 
During initial 15% of the duration of the golf swing, the only significant 
movement of the center of mass was left to right displacement in medio-lateral direction. 
On the other hand, other two dimensions showed quite stationary positions. The center of 
mass point continued to show this left to right displacement through approximately 60%. 
As was discussed earlier, during the take away phase, the elite golfers rotated their bodies 
around a longitudinal axis located close to the right side of the body. Therefore, this 
center of mass displacement would be due largely to the manner the elite golfers rotated 
the body. The center of mass displacement in medio-lateral direction then showed large 
right to left movement from 60% through IP. It should be noted that the initiation of the 
right to left displacement occurred considerably earlier than the initiation of the down 
swing phase. This early initiation of the right to left movement of the center of mass 124 
Table 4.12. Ensembled means of the range of linear displacement of the center of mass 
point. 
Variable  Direction  Range 
1W 31  81 
Center of Mass (m)  Media-lateral  0.08  0.09  0.10 
Antero-posterior  0.03  0.03  0.03 
Vertical  0.05  0.05  0.05 
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Figure 4.52. Center of mass point ensembled mean medio-lateral, antero-posterior, and 
vertical linear displacement versus percent of the duration of the swing (displacement 
values are from the set-up position). 125 
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Figure 4.53. Ensembled mean position of the center of mass point in the transverse plane 
for 1W, 31, and 81 (the gray arrows represent the sequence of the movement of the club 
head point; the black arrow represents the direction of the shot). 126 
0.6  
0.58  
0.56  
10.54 
7'Z' 0.52 
0.5 
0.48 
0.46  0 
o 
A 
Center of Mass for 1W 
Center of Mass for 31 
Center of Mass for 81 
0.44 
0.58  0.6  0.62  0.64  0.66  0.68  0.7  0.72  0.74 
M-L Position (m) 
Figure 4.54. Ensembled mean position of the center of mass point in the frontal plane for 
1W, 31, and 81 (the gray arrows represent the sequence of the movement of the club head 
point; the black arrow represents the direction of the shot). 
would be due to movement of other segments. These segments would include the club 
head which continued to show right to left movement through 75%, the knee and the hip 
points which started to show right to left movement slightly before 70%, and the shoulder 
points which also showed right to left movement prior to the initiation of the down swing 
phase. 
On the other hand, from approximately 15% through slightly after 70%, the center 
of mass displacement in antero-posterior showed small and constant posterior movement 127 
followed by slight anterior movement through slightly before 90% which preceded by 
posterior movement through IP. The center of mass displacement in vertical direction 
showed relatively large upward movement from approximately 15% through slightly after 
70% followed by fairly large downward movement through slightly after 90% which 
preceded upward movement through IP. 
4.4.2.2. Commonality of the Center of Mass Across Conditions 
As was discussed earlier, normalized time and value data were more appropriate 
variables to characterize the results of linear kinematic analysis. The results of the 
commonality analysis for the center of mass linear displacement in the medio-lateral 
direction generally found substantial commonality from SU through IP except for the 
short duration of non-commonality around 80% for the results among the three 
conditions, between 1W and 31, and 1W and 81 (see Figure 4.55). The results between 31 
and 81 showed substantial commonality throughout the duration of the swing. 
On the other hand, the results for antero-posterior displacement showed 
somewhat different patterns (see Figure 4.56). The results among the three conditions 
and between 1W and 81 showed substantial commonality from SU through slightly after 
50% and from approximately 85% through IP. The results between 1W and 31 showed 
commonality from SU through 60% and from slightly before 70% through IP. 
All the results for the vertical direction showed substantial commonality 
throughout the duration of the swing (see Figure 4.57). 
Figure 4.58 illustrates the results of the commonality analysis for the center of 
mass linear displacement when all three dimensions were simultaneously analyzed. The 
results showed quite similar pattern to those in medio-lateral direction. Since the results of 
the medio-lateral direction showed less commonality as compared to the rest of the 
directions, the results of the simultaneous analysis were most significantly affected by the 
results of the medio-lateral direction. The results generally showed substantial 
commonality from SU through around 55% and from 85% through IP. Specifically, the 
results among the three conditions and between 1W and 81 showed commonality from 
SU through 55% and from 85% through IP while the results between 1W and 31 showed 
commonality from SU through 60%, from slightly before 70% through 80%, and from 
85% through IP. The results between 31 and 81 showed commonality throughout the 
duration of the swing. The duration of the substantial commonality was generally longer 128 
between 31 and 81 than that between 1W and 31. The duration of the commonality 
between 1W and 81 was generally the shortest among all t-tests. 
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Figure 4.55. Results of the commonality analysis for the center of mass point linear 
displacement in medio-lateral direction for the normalized time data and the normalized 
time and value data (the top bar graph: F test, the second bar graph: t-1W vs. 31, the third 
bar graph: t-1W vs. 81, and the bottom bar graph: t-31 vs. 81; each grid in horizontal axis 
represents 10% of the duration of the swing; information on the commonality plot is 
presented in Figure 3.10). 
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Figure 4.56. Results of the commonality analysis for the center of mass point linear 
displacement in antero-posterior direction for the normalized time data and the normalized 
time and value data (information on the commonality plot is presented in Figures 3.10 and 
4. 55 ) . 131 
differences. This would indicate that elite golfers adjusted their range of motions in order 
to accomplish specific requirements for each golf club used without significantly altering 
the movement pattern in proportion to the duration of the swing as well as to the range of 
each variable. 
4.6. Discussion 
The results of the temporal analysis found that the elite golfers showed quite large 
variability in temporal characteristics of the swing when absolute time variables were 
utilized. On the other hand, when normalized time variables based on the duration of the 
swing were used, the variability of the data was significantly reduced which enabled an 
effective between subjects comparison. These results suggested that the use of normalized 
time variable is essential to appropriately analyze golf swings. 
The results of the temporal characteristics found statistically significant differences 
in the time to the lower body top of the swing (LT) among conditions as well as between 
1W and 81. It also found significant differences in the time to DS180° between 1W and 
81. In addition, the results found that the elite golfers reached LT prior to that of the upper 
body (UT) which preceded the golf club top of the swing (CT). The difference in time of 
the occurrence of LT, UT, and CT were statistically significant for all conditions. These 
results indicated that elite golfers initiated their down swing with lower body rotation 
which would effectively produce a 'wind up motion' between lower and upper body as 
well as upper body and the golf club. 
The results of the kinematic analysis found that, during the initiation of the swing, 
the elite golfers moved their body as a single unit rather than separately moving individual 
body segments. During the initiation of the swing, the significant movement was left to 
right translation. This movement would indicate that the elite golfers performed carefully 
controlled movement during this period in order to set their body to appropriate position. 
Considering the movement characteristics of golf swings, in which an initiation of 
movement takes place from stationary position, it would be more accurate to initiate the 
movement as a single unit rather than utilizing and performing separate movement for 
each individual body segment. Figure 4.59 illustrates the ensembled mean stick figures of 
the golfers and the results of commonality analysis among the three conditions (F test) 
from set up through 10% of the duration of the golf swing. 132 
The rotation of the inter-knee and hip segments occurred around an axis located 
close to the right side of the body while the rotation of the shoulder segment took place 
around an axis close to the mid point between right and left shoulder points. The 
movement of the upper limb joints, on the other hand showed quite stationary positions. 
These results would suggest that the body rotation was the primary movement to 
set the body to appropriate position while the movement of the upper limbs was utilized to 
maintain the positions of the upper limbs relative to the body rotation. This movement 
would also facilitate proper positioning of the golf club segment. In other words, the 
upper limb segments were utilized to maintain proper 'trunkclub head relationship in 
space' rather than actively generating forces to swing the golf club. 
The essential elements of the golf swing during the set up through 10% of the 
duration of the swing would be the movement of the hip and left upper arm segments. In 
addition, the center of mass displacement was also identified as an essential element. 
Furthermore, the right and left elbow joint relative angles were also defined as essential 
elements. It should be noted, however, a non-substantial commonality result does not 
necessarily indicate that the variable is not important, rather it would indicate that there is 
more than one movement process to achieve a specific task. 
Figure 4.60 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 10% through 20% 
of the duration of the golf swing. 
During this period, the left upper arm segment continued to show commonality 
while the hip segment did not show commonality. In addition, the right and left shoulder, 
as well as the left elbow joint relative angles indicated substantial commonalities. 
Therefore, these variables were identified as essential elements of the golf swing. In 
addition, the displacement of the center of mass point also was defined as an essential 
element. 
Although the hip segment did not show substantial commonality, it should be 
noted that the right hip point showed commonality throughout the duration of the swing. 
This result would indicate that it would be the movement of the right hip point which 
properly maintains the body rotation rather than the movement of the hip segment. 
Beginning approximately 17%, the inter-knee segment showed substantial 
commonality. During this period, the right knee point started to show quite stationary 
position. 
Figure 4.61 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 20% through 30% 133 
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Figure 4.59. Continuous stick figures for the results of commonality F test for selected 
variables from the set up through 10% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
of the duration of the golf swing. During this period, the inter-knee, hip, and shoulder 
segments continued to show similar movement patterns to those during the previous 
periods. The upper limb segments, on the other hand, started to show different movement 
patterns. The right elbow joint initiated its flexion from 20% which approximately 
coincided with extension of the left shoulder joint. The right and left wrist joint angles, on 
the other hand, did not show significant flexions until latter period of this period. In fact, 
the left wrist joint angle showed slight extension during this period indicating the 
existence of 'dragging' movement of the club head. If the upper limbs were actively 
utilized to swing the golf club, the left wrist joint angular displacement should have 
shown earlier flexion rather than delayed extension. During this period, the right and left 
shoulder, the left elbow, as well as the right and left wrist joint relative angles showed 
substantial commonalities. 
During this period, the inter-knee, shoulder, right shank, right thigh, and left 
upper arm segments continued to show substantial commonalities. In addition, the right 134 
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Figure 4.60. Continuous stick figures for the results of commonality F test for selected 
variables from 10% through 20% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
upper arm segment started to show commonality. The movement of the inter-knee, 
shoulder, right shank, right thigh, left upper arm, and right upper arm segments, as well 
as the center of mass point displacement during this period were identified as essential 
elements of the golf swing. In addition, the movement of the right hip point also was 
defined as an essential element. For the upper limb joints, the right and left shoulder as 
well as the right and left wrist joint relative angles were defined as essential elements of 
the golf swing. 
Figure 4.62 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 30% through 40% 
of the duration of the golf swing. During this period, the characteristics of the body 
rotation remained similar to the previous periods. The inter-knee and hip segments 
continued to rotate around an axis located close to the right side of the body while the 
shoulder segment rotated around an axis located close to the mid point between right and 
left shoulder points. In addition, the right knee and right hip points showed quite 135 
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Figure 4.61. Continuous stick figures for the results of commonality F test for selected 
variables from 20% through 30% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
stationary positions although the shoulder segments continued to show large rotation in 
the take away direction. This would further suggest that the elite golfers intentionally 
maintained the stationary positions of the right knee and hip points in order to provide a 
stable and a reliable rotational axis for the lower body. 
The movement of the upper limb joints started to show relatively large angular 
displacement. The left shoulder joint relative angle initiated large extension while the right 
shoulder and elbow joint relative angles introduced small extension and large flexion, 
respectively. In this particular case, the left upper limbs mainly utilized the shoulder joint 
while the right upper limbs utilized the shoulder and elbow joints in order to incorporate 
with the golf club movement. 
During this period, the inter-knee, hip, shoulder, right shank, right thigh, and 
right upper arm segments as well as the right hip point continued to show substantial 
commonality. On the other hand, starting this period, the right forearm and left forearm as 
well as the golf club segments showed commonality. The emergence of the commonality 136 
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Figure 4.62. Continuous stick figures for the results of commonality F test for selected 
variables from 30% through 40% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
for the majority of the upper limb segments would indicate two important movement 
characteristics of golf swings. First of all, it would indicate that there is more than one 
movement process to achieve appropriate upper limbs and golf club position in space. 
Secondly, it would suggest that the proper body rotation and passive movement of the 
upper limb segments executed during the previous periods would set the club head to 
appropriate 'swing plane'. 
Figure 4.63 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 40% through 50% 
of the duration of the golf swing. The movement characteristics of the body rotation 
remained similar to those during the previous periods where the inter-knee and hip 
segments rotated around an axis located close to the right side of the body while the 
shoulder segment rotated around an axis located close to the mid point between the right 
and left shoulder points. These segments remained to possess substantial commonality, 
thus, continued to be identified as essential elements of the golf swing. 137 
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Figure 4.63. Continuous stick figures for the results of commonality F test for selected 
variables from 40% through 50% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
The right upper arm and forearm continued to possess commonalities throughout 
this period while the left upper arm and forearm showed commonalties through 
approximately 45%. During this period, these segments were identified as essential 
elements. The right and left shoulder, the left elbow, as well as the right and left wrist 
joint relative angles were continued to be defined as essential elements as well. 
Figure 4.64 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 50% through 60% 
of the duration of the golf swing. During this period, the movement characteristics of the 
body rotation remained similar to during the previous periods. However, the substantial 
commonality for the hip segment re-emerged from slightly after 50% of the duration of 
the swing. This result would indicate that there is more than one movement process to set 
the body to appropriate position prior to the top of the swing phase as long as the right 
knee and hip points provide proper axis of rotation during the take away phase. During 
this period, the movements of the inter-knee, hip, shoulder, right shank, and right thigh 138 
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Figure 4.64. Continuous stick figures for the results of commonality F test for selected 
variables from 50% through 60% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
segments were identified as essential elements of the golf swing. 
The movement of the golf club segment also continued to show substantial 
commonality during this period, thus, it was defined as an essential element. 
Figure 4.65 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 60% through 70% 
of the duration of the golf swing. This period corresponded to the initial portion of the 
transition phase from the take away phase to the down swing phase. During this period, 
the lower body initiated its down swing while the upper body and upper limbs continued 
their movements in the take away direction. 
During the former portion of this period, the movement patterns of the body 
rotation remained similar to those during the previous period. During the latter portion of 
this period, however, the right knee and hip point initiated small right left as well as 
anterior movements. During this period, the lower body reached its maximum rotation in 
the take away direction (67.2%, 64.1%, and 60.1% of the duration of the swing for 1W, 139 
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Figure 4.65. Continuous stick figures for the results of commonality F test for selected 
variables from 60% through 70% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
31, and 81, respectively) while the shoulder and golf club segments continued to rotate in 
the take away direction. Therefore, this right to left displacement of the right knee and hip 
would be due to the combinations of the initiation of the down swing of the lower body 
and the movements of the upper limbs as well as the golf club segment. 
Although there was a change in the movement patterns of the inter-knee and hip 
segments, these segments as well as the shoulder segment possessed substantial 
commonalities during this period. Therefore, the movements of these segments during 
this period were identified as essential elements. 
Neither the movement of the upper limbs nor the golf club segment showed 
substantial commonality during this period. These results would suggest that there is 
more than one appropriate movement pattern for these segment during the transition 
phases from the take away phase to the down swing phase. 
Figure 4.66 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 70% through 80% 140 
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Figure 4.66. Continuous stick figures for the results of commonality F test for selected 
variables from 70% through 80% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
of the duration of the golf swing. This period corresponded to the latter portion of the 
transition phase from the take away phase to the down swing phase. The lower body, 
including the inter-knee and hip segments, initiated its down swing movement during the 
previous period while the shoulder segment, upper body segments, as well as the golf 
club segment initiated their down swing movement during this period. The shoulder 
segment reached its maximum rotation in the take away direction at 73.0%, 72.0%, and 
72.5% for 1W, 31, and 81, respectively. On the other hand, the golf club segment 
initiated its down swing movement at 77.2%, 76.9%, and 76.4% for 1W, 31, and 81, 
respectively. 
During this period, the inter-knee, shoulder, right shank, and right thigh 
continued to show substantial commonalities while the hip segment showed commonality 
through slightly after 72%. Although the hip segment did not show commonality during 
the latter portion of this period, it should be noted that the right hip point continued to 
possess the substantial commonality during this period. 141 
During this period, both right and left shoulder joint angles reached their 
maximum extensions and started to show quite large flexions. The right elbow and wrist 
as well as the left wrist joint angles remained relatively constant while the club head 
showed fairly stationary position in all three dimensions. 
Since the lower body as well as the shoulder segment initiated the down swing 
prior to the golf club reaching its maximum rotation in the take away direction, the 'wind 
up motion' between the lower body and the upper body as well as between the upper 
body and the golf club would have been maximized during this period. 
In addition, the fairly stationary club head position in space may suggest that there 
was a short period of equilibrium between the down swing movement of the body 
rotation and the golf club movement. 
Figure 4.67 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 80% through 90% 
of the duration of the golf swing. During the previous period, all the body segments 
initiated the down swing movement. During this period, most of the body segments 
showed considerably large acceleration as compared to those during the take away phase. 
On the other hand, the club head displacement did not show substantial 
acceleration during this period. This may be due to the physical characteristics of the golf 
club which has a large mass distant from the rotational axis creating large moment of 
inertia, thereby producing the temporal delay of the initiation of the acceleration during the 
initial portion of the down swing. 
During this period, significant changes appeared in the movements of the upper 
limbs. Both the right and left shoulder joints started to show large flexions which would 
effectively shorten the distance between the axis of the body rotation to the club head 
point. Due to the reduced distance between them, the moment of inertia also became 
smaller enabling the greater acceleration of the upper limbs as well as the golf club 
segment. It should be noted, however, since this series of movements of the upper limbs 
and the golf club segment was accomplished without extending the wrist and elbow 
joints, the premature acceleration of the club head was minimized. 
During the initial portion of this period, the right upper arm and forearm showed 
substantial commonality. On the other hand, neither the left upper arm nor forearm 
showed any commonality, however, both right and left shoulder joint angles showed 
substantial commonalities. 142 
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Figure 4.67. Continuous stick figures for the results of commonality F test for selected 
variables from 80% through 90% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
Figure 4.68 illustrates the ensembled mean movement of the elite golfers and the 
results of commonality analysis among the three conditions (F test) for 90% through 
100% of the duration of the golf swing. This phase represented the latter portion of the 
down swing phase in which club head showed considerably large acceleration. During 
the initial portion of this period, the inter-knee, hip, and shoulder segments continued to 
accelerate their rotation in the down swing direction. 
The club head point reached its maximum velocity at 97.0% while the moment of 
impact between the club head and the ball occurred at 98.5%. The slight prematurity of 
the club head reaching its maximum velocity would be the contribution of the accuracy 
component of the golf swing. That is, elite golfers would have compromised with slight 
reduction in the distance of the shot in order to achieve more accurate and consistent golf 
shots. 
The maximum angular velocity of the inter-knee segment in the down swing 
direction reached at 93.5% while that of the hip segment occurred at 94.5%. On the other 143 
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Figure 4.68. Continuous stick figures for the results of commonality F test for selected 
variables from 90% through 100% of the duration of the golf swing (solid black stick 
figures and bar graphs represent substantial commonality). 
hand the shoulder segment angle achieved its maximum angular velocity in the down 
swing direction at 97.0%. The right shoulder joint angle reached its maximum flexional 
angular velocity at 89.0% while the right elbow joint achieved its maximum extensional 
angular velocity at 98.0% and that of the right wrist joint occurred at 96.5%. The left 
shoulder joint reached its maximum flexional angular velocity at 90.0% while the left 
wrist joint maximum angular velocity occurred at 96.0%. These results may indicate that 
the segments or joints which reached their local extremes prior to that of the club head 
actively contributed to produce greater club head velocity at the moment of impact, 
whereas those segments and joints which reached their local extremes following that of 
the club head were passively utilized to effectively transmit forces generated by other 
body segments. 
During the latter portion of this period, the inter-knee and hip segments showed 
deceleration of angular velocity in the down swing direction which would contribute to 
produce greater club head velocity at impact. These temporal characteristics of body 144 
segments reaching their maximum angular or linear velocities were identified as essential 
elements of the golf swing due to their significance in defining proper movement 
sequence as well as their possible contribution in generating greater club head velocity at 
impact. 
During this period, the inter-knee, hip, and shoulder segments continued to 
possess substantial commonalities while majority of the upper limbs started to possess 
substantial commonalities. 
These results suggested that there would be only one proper movement sequence 
for the right lower body segments and points while there appeared to be more than one 
combinations of the movements for the left lower body segments and points. These 
results would further indicate the importance of the right lower body movements in order 
to properly execute effective and appropriate golf swings. The upper limb segments, on 
the other hand, mainly utilized passively in order to effectively transmit forces generated 
by the body rotation to the golf club segment. The movements of the upper limbs during 
the initial portion of the down swing phase, where the right and left shoulder joints 
showed large flexions which effectively reduced the distance between the rotational axis 
of the body rotation and the club head, however, were performed actively to produce 
greater club head velocity rather than passively transmitting the forces generated by the 
body rotation to the club head. For the movements of the upper limbs, there appeared to 
be more than one combinations of movements to achieve effective and appropriate golf 
swings during most of the duration of the swing when these segments were utilized 
passively. 
The dominant and continuous commonality was identified for the movement of 
the right lower extremities. The results of the commonality analysis would indicate that 
there is only one proper movement sequence for the right lower body segments and 
points while there is more than one combination of movements for the left lower body 
segments and points. These results further suggested the importance of the right lower 
body movements in order to properly execute effective and appropriate golf swings. 
The results of the commonality analysis for the other body points and segments 
were rather discontinuous suggesting possibilities of more than one combination of 
movements for these segments to perform optimal golf swing. 
In the present study, several quite unique methodologies were developed and 
utilized to continuously analyze the golf swings of elite golfers. The methodologies 
utilized in the present study provide a useful way of continuously investigating human 145 
movements by incorporating the temporal characteristics of movements and the magnitude 
or range of motion of movements. 
Although, in the present study, the golf swing performances were recorded at the 
rate of 250 frames per second (fps) using two Nac HVC-500 high speed video systems, 
it would be possible to utilize regular video cameras as long as the purpose of a study is 
to evaluate general movement patterns of golf swings rather than to investigate the 
phenomena occurring during the impact phase. However, for a quantitative study, a 
minimum of 100 fps would be necessary to appropriately measure phenomena during the 
down swing phase. 
In addition, it would be possible to apply the results of the present study for golf 
instruction by analyzing golfers' swing and compare to the data base developed for the 
present study. By understanding dissimilar movement patterns of golfers being evaluated, 
it would be possible to improve their movement patterns by correcting the dissimilar 
movement patterns. It would be also possible to manage, maintain, and possibly correct 
movement of an elite golfer's swing by comparing, for example, golf swings between 
pre- and post-competitive season. 
Furthermore, there would be other possible applications of the methodologies 
such as an evaluation of a rehabilitation program by comparing movement patterns of pre-
and post rehabilitation program. In general, the methodologies developed for the present 
study would be useful to measure any movement whenever a sequence of the movement 
is of major concern of a study. 146 
5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS  
Golf swings of thirteen elite professional golfers were analyzed by utilizing 3D 
kinematics in order to determine the essential elements of golf swings that represent the 
optimal movement pattern for three distinctive categories of golf shots: (a) distance shots 
(DS), (b) accuracy shots (AS), and (c) intermediate shots (IS), as well as a general model 
of golf swings. Each subject performed golf shots using 1W (DS), 31 (IS), and 81 (AS). 
Three shots with each club, for a total of nine shots were performed by each subject. Two 
Nac HVC-500 high-speed video systems operated at the rate of 250 fps recorded the 
frontal and sagittal views of the elite golfers performing the golf shots. Recorded videos 
were digitized by using Peak Performance 3D Motion Measurement System. Specifically, 
each swing was broken down into following four stages and different sampling 
frequencies were utilized for each stage based on the frequency of the movement: (a) 
every fourth frame was digitized from SU through TA180° (Stage 1); (b) every third 
frame was digitized from TA180° through LT (Stage 2); (c) every second frame was 
digitized from LT through DS180° (Stage 3); and (d) every frame was digitized from 
DS180° through IP (Stage 4). 
The raw data for each camera view for each dimension of each variable were 
digitally smoothed by using a Butterworth digital filter with a cutoff frequency determined 
by a residual analysis. Smoothed data sets for Stage 1 through Stage 3 were interpolated 
in order to obtain original 250fps sampling frequency. A set of four data files was 
sequentially merged to obtain a data file representing an entire duration of a golf swing. 
Prior to calculating 3D coordinate data, two sets of 2D coordinate data files were 
synchronized so that the resulting two 2D coordinate data files possessed: (a) the same 
number of frames, (b) five extra frames before the initiation of the golf swing, and (c) 
three extra frames after the moment of impact. From the set of two 2D coordinate data 
files, a 3D coordinate data was generated by using Peak Performance 3D Motion 
Measurement System which utilizes the Direct Linear Transformation method. 
Each 3D coordinate data file was then rotated and translated so that the resulting 
data file satisfied the following criteria: (a) the new XY (transverse) plane went through 
the right heel, the left heel, and the ball locations at the first video frame; (b) the new X 
(medio-lateral) axis coincided with the line projected from the ball trajectory onto the XY 
plane and the new Z (vertical) axis coincided with the line which goes through the ball at 147 
the first video frame and perpendicular to both the XY plane and the X axis; and (c) the 
minimum value for each of the three dimensions coincided with zero. 
From the processed 3D coordinate data, absolute and relative linear and angular 
3D kinematic variables were derived. In order to obtain the relative variables, two 
normalization processes were utilized; (a) each set of data was interpolated so that the 
resultant data set has two hundreds (200) data points regardless the actual duration of the 
golf swing (Ni), and (b) each set of normalized data using Ni was re-normalized based 
on the range of the value for the variable (N2) and expressed with range of 0 through 1. 
The Ni minimized the variability due to unique temporal characteristics adopted by 
individual subject while the N2 minimized the variability due to physical characteristics 
among subjects in addition to the variability in temporal characteristics. 
Temporal analysis was performed using both absolute time and normalized time 
data sets for each of twenty-five golf swing events defined. On the other hand, since there 
was considerable degree of between subject variability in the duration of the golf swing, it 
was necessary and appropriate to utilize the normalized data sets to perform between 
subject comparisons for the kinematic analysis. 
The statistical procedures utilized in the present study consisted of two 
procedures; (a) one-way ANOVA (F) and (b) three sets of t-test, each calculated across 
time. Since there were 200 data points representing the duration of each golf swing 
performance, there were 200 calculated F and three sets of 200 calculated t values for 
each variable. 
Because of the importance of the sequence of movements in golf swings, the 
statistical testing results were continuously analyzed using commonality and uniqueness 
techniques. Specifically, for linear kinematics, a variable or variables at a point in time 
was considered to possess substantial commonality if the calculated statistics showed 
non-significant results across dimensions and the corresponding variance were less than 
10% of the range of the variable while it was considered to possess substantial 
uniqueness if the calculated statistics found statistically significant results across 
dimensions. On the other hand, for angular kinematics, movement of a joint at a point in 
time was considered to possess substantial commonality if the calculated statistics showed 
non-significant results across angular variables defined for the joint and the 
corresponding variance were less than 10% of the range of the variable while it was 
considered to possess uniqueness if the calculated statistics found statistically significant 
results across these variables. 148 
5.1. Conclusions 
The results of the present study found that the use of the normalized data sets was 
necessary in order to appropriately characterize golf swings. Specifically, for linear and 
segment angular kinematics, the normalized time and value data sets were found to be 
appropriate while for relative joint angular kinematics, the normalized time data sets were 
more appropriate to effectively reduce between subject variability. 
The results of the temporal analysis found that, generally, elite golfers maintained 
similar temporal characteristics of the golf swing regardless of the conditions. The 
occurrence of LT, however, was found to be significantly different among conditions (p 
< .10) suggesting that the elite golfers rotated lower body longer in duration for the 
longer clubs as compared to shorter clubs. On the other hand, the range of the absolute 
angular displacement values for the hip, shoulder, and golf club segments that were 
utilized to define LT, UT, and CT, showed statistically significant differences (p < .10). 
These results indicated that elite golfers achieved greater body rotation without 
significantly altering the movement pattern in proportion to the duration of the golf swing. 
The results of the temporal analysis further found significant temporal 
characteristic differences in reaching top of the swing positions among the lower body 
(LT), upper body (UT), and golf club (CT) for each of the three conditions (p < .10). 
Specifically, the results suggested that in an effective golf swing, the movement around 
the top of the swing occurred in the following sequence : (a) lower body, specifically, hip 
segment reaches its maximum rotation in transverse plane, followed by (b) upper body, 
(defined as shoulder segment rotation in transverse plane), reaches its maximum rotation, 
and finally (c) the golf club segment reaches its maximum rotation. These results clearly 
displayed the existence of a 'wind up motion' during the top of the swing phase. 
In the double pendulum model presented by Cochran and Stobbs (1968) and 
utilized by other researchers, golf swing movements during the take away phase as well 
as the lower body movement throughout the entire duration of the golf swing were 
generally ignored since the model assumed that the generation of forces responsible for a 
large acceleration of the club head prior to the movement of impact occurred during the 
down swing. However, the results of the temporal analysis of the present study 
suggested the temporal delays which existed between LT and UT and between UT and 
CT may contribute to perform an effective golf swing as well as to effective generation of 
forces to swing the golf club. These results further indicated the necessity of analyzing 
the entire duration of the golf swing to appropriately characterize the movement pattern. 149 
The results of the uniqueness analysis did not find any practically significant 
uniqueness which would suggest that the movement patterns were continuous regardless 
of the club used rather than distinctively different depending upon the club used. The 
results of the commonality analysis, on the other hand, appropriately identified and 
characterized that common movement components existed in the golf swings among the 
elite golfers. The elite golfers initiated the swing movement by left to right translation in 
which the entire body including the golf club segment moved as a single unit rather than 
performing different movement for each segment. From slightly after the initiation of the 
swing, the movement showed a combination of the left to right translation and rotation of 
the body around a longitudinal axis. The body rotation utilized two separate rotational 
axes depending upon the segments. The lower body including the inter-knee and hip 
segments rotated around an axis located close to the right side of the body while the 
shoulder segment rotated around an axis located close to the mid point between the right 
and left shoulder points. 
From approximately 15% of the duration of the swing, the right knee and hip 
points showed quite stationary position while the inter-knee, hip, and shoulder segments 
continued to rotate in the take away direction. These results indicated that elite golfers 
intentionally maintained the stationary positions of the right knee and hip points in order 
to provide a stable and a reliable rotational axis for the lower body rather than limiting the 
rotation relying on the range of motion of the joints. By stabilizing the right knee and hip 
points, the elite golfers would have constrained the degree of freedom of the golf swing 
movement which would improve the simplicity of the movement while increasing the 
accuracy of the movement. During most of the duration of the take away phase, the inter-
knee, shoulder, right shank, and right thigh segments as well as the right hip point 
continuously possessed substantial commonalities across conditions. The hip segment as 
well as the left hip point, on the other hand, discontinuously showed substantial 
commonalities. These results would indicate that there is more than one movement 
process to set the body to appropriate position prior to the top of the swing phase as long 
as the right knee and hip points provide a proper axis of rotation during the take away 
phase. 
The upper limb joints, on the other hand, did not show any significant movement 
for the initial 20% of the swing indicating that the upper limbs were utilized to maintain 
trunkclub head relationship in space rather than actively swinging the golf club. While 
the body rotation maintained the similar movement characteristics until the lower body 
reached its top of swing around 65%, the upper limbs initiated a different movement 150 
pattern around 20%. The first significant movement of the upper limb joints was the right 
elbow flexion together with the left shoulder extension. From approximately 30%, the 
upper limb joints started to show relatively large angular displacement. The left shoulder 
joint initiated large extension while the right shoulder and elbow joints introduced small 
extension and large flexion, respectively. Since the right upper limbs and the left upper 
limbs are connected at the grip, the movement of these segments would be synchronized. 
In this movement sequence, which continued throughout the take away phase, the left 
upper limbs mainly utilized the shoulder joint while the right upper limbs utilized the 
shoulder and elbow joints in order to incorporate with the golf club movement. During 
the same period, both right and left wrist joints started relatively large flexion. Since the 
club head point continued to show fairly large linear displacement from the initiation of 
the golf swing, the wrist joint flexion initiated this period would be passively induced by 
the club head movement rather than actively contracting the wrist flexor muscle groups. 
During this period, the results indicated substantial commonalities for most of the 
upper limbs. These results indicated two important movement characteristics of golf 
swings. First of all, there would be more than one movement processes to achieve 
appropriate upper limbs and golf club position in space. Secondly, the proper body 
rotation and passive movement of the upper limb segments executed during the previous 
periods would set the club head into an appropriate 'swing plane'. In other word, if the 
body rotation was executed properly and the upper limb segments were appropriately 
utilized to transmit forces generated by the body rotation to the golf club, the positions as 
well as the movements of the upper limb segments would also be set properly during this 
period. 
During the take away phase, majority of the segments related to the body rotation, 
especially the segmental end points of the right side of the body, continuously possessed 
substantial commonalities. On the other hand, the upper limbs showed rather 
discontinuous patterns in possessing substantial commonalities. These results would 
imply the following two possibilities. First, if the movement was a primary movement, 
there would be only one combination of movements to achieve an effective and 
appropriate result. On the other hand, if the movement was secondary and possibly 
utilized to transmit forces generated by other segments to another segment there would be 
more than one combination of movements to accomplish an optimal result. 
Around 65% of the duration of the swing, when the lower body initiated its down 
swing movement, the right knee and hip points as well as the center of mass point 
showed a right to left movements. On the other hand, the shoulder and golf club 151 
segments continued to rotate to the take away direction. During this period, the right wrist 
joint started show fairly constant angular position while the right elbow continued its 
flexion although the rate of the flexion declined during the latter portion of this phase. The 
left shoulder, on the other hand, continued to show relatively large extension while the 
left wrist continued to show small flexion. The rate of the extension and the flexion of 
these joints, however, decreased as the upper body and golf club segments approached 
their top of swings. While the segments responsible for the body rotation continued to 
show substantial commonalities, neither the upper limbs nor the golf club segment 
showed substantial commonalities during the transition from the take away phase to the 
down swing phase. These results would suggest that there is more than one appropriate 
movement pattern of the upper limbs and the golf club segment during this period. 
The shoulder segment initiated its down swing around 72% of the duration of the 
swing while the golf club segment reached its maximum rotation in the take away 
direction around 77%. The temporal differences in initiating the down swing movement 
among lower body, upper body, and golf club segments contributed to produce 'wind up 
motion' during the transition phase from the take away phase to the down swing phase. 
The center of mass displacement also reflected the initiation of the down swing by 
showing quite large right to left displacement together with large downward movement. 
The golf club segment reached its top of the swing (CT) at 77.2%, 76.9%, and 
76.4% where the mean angular positions in frontal plane were approximately 277°, 268°, 
and 256° for 1W, 31, and 81, respectively. The results of the statistical testings did not 
find any significant differences in temporal characteristics in CT among conditions while 
the results for the absolute golf club angular position at CT among the three conditions, 
between 1W and 81, and between 31 and 81 found statistically significant differences. 
These results indicated that the elite golfers achieved larger rotation of the golf club 
segment for the longer club without significantly altering the movement patterns in 
proportion to the duration of the golf swing as well as to the range of motion of the golf 
club segment. 
The right and left shoulder joints, reached maximum extension and initiated quite 
large flexions while the right elbow and wrist as well as left wrist joints showed fairly 
constant angles. This movement sequence of the upper limbs effectively shortened the 
distance between the axis of the body rotation and the club head enabling the rapid 
acceleration of the distal segments. Since this movement of the shoulder joints was 
performed without significant extension of the right elbow as well as the right and left 
wrists, premature acceleration of the club head was minimized. These movements of the 152 
right and left shoulder joints would be the only series of movements of the upper limbs 
where these segments were actively contributed to produce forces to swing the golf club. 
In addition, these movements of the right and left shoulder joints during the initiation of 
the down swing phase disagreed with one of the assumptions of the double pendulum 
model presented by Cochran and Stobbs (1968). 
During the initial portion of the down swing phase, most of the segments started 
to show significantly larger movement as compared to those during the take away phase. 
The club head point, on the other hand, did not show significantly large acceleration 
possibly due to the physical characteristics of the golf club which has a quite large mass 
distant from the axis of rotation producing a temporal delay of the acceleration of the club 
head. This delay may also be contributed by the fairly stationary positions of the right and 
left wrists and the right elbow joints during this period. 
Jorgensen (1970) and Milburn (1982) concluded that the initial delay of the wrist 
uncocking produced a large club head velocity. Jorgensen (1970) further suggested that a 
negative or a hindrance torque was required to produce this initial delay of the wrist 
uncocking. The results of the present study found the existence of this initial delay of the 
wrist uncocking in the golf swing of the elite golfers. This initial delay, however, 
appeared to be the result of the temporal delays in the initiation of the down swing of the 
upper body and golf club segments rather than a hindrance torque applied by a golfer. In 
addition to the movement of the wrist joints, the stationary position of the right elbow 
joint during this period would also contribute to produce a delayed acceleration of the club 
head. 
The large flexion of the right and left shoulder joints continued approximately 
until 90% while the right and left wrist joints initiated extensions from approximately 
90%. The right elbow joint, on the other hand, initiated its extension slightly before 90% 
of the duration of the swing. The segments related to the body rotation, on the other 
hand, continued to show large rotation in the down swing direction until slightly before 
the moment of impact when these segments showed rapid deceleration in the rotation in 
the down swing direction. 
The maximum angular velocities of the inter-knee, hip, and shoulder segments in 
the down swing direction were reached at 93.5%, 94.5%, and 97% of the duration of the 
swing, respectively. The maximum flexional angular velocities of the right and left 
shoulder joints were achieved at 89% and 90%, respectively. On the other hand, the 
maximum angular velocity of the right and left wrist joints were reached at 96.5% and 
96%, respectively. The maximum linear velocity of the club head velocity occurred at 153 
97%. These results would indicate that the segments or joints which reached their local 
extremes prior to that of the club head actively contributed to produce greater club head 
velocity at the moment of impact, whereas those segments and joints which reached their 
local extremes following that of the club head were passively utilized to effectively 
transmit forces generated by other body segments. It should be noted, however, the slight 
temporal delay of the club head point reaching its maximum velocity relative to those of 
the right and left wrist joints may be due to the bending of the club shaft. 
The results would suggest that the primary driving forces of the golf swing were 
generated through body rotation. The segments related to the body rotation were the 
primary movement throughout the duration of the swing while the movement of the upper 
limbs were secondary and possibly utilized in order to effectively transmit the forces 
generated by the body rotation to the golf club. The results would further suggest that 
only one proper movement sequence may exist for the right lower body segments and 
points while there appeared to be more than one combination of the movements for the 
left lower body segments and points. These results would further indicate the importance 
of the right lower body movements in order to properly execute effective and appropriate 
golf swings. For the movements of the upper limbs, there appeared to be more than one 
combination of movements to achieve effective and appropriate golf swings during most 
of the duration of the swing. In addition, the results of the present study would suggest 
that the inertia of the club head also plays an important roll in producing the initial delay 
of the wrist uncocking which contributed to produce large club head velocity at impact. 
5.2. Recommendations 
Based on the results of the present study, the following recommendations for 
future study are suggested. 
Since the present study kinematically investigated the movement of golf swings, it 
would be appropriate and necessary to conduct a study by combining both kinematics and 
kinetics in order to provide thorough understanding of the movement of golf swings. In 
addition, since the present study investigated the golf swings of the elite golfers, it would 
be also necessary to conduct a comparative study while employing subjects from different 
skill levels to investigate possible movement characteristic differences across skill levels. 
It would be also necessary to conduct a similar study while increasing number of 154 
subjects, conditions, and trials to increase the validity of the optimal model of the golf 
swing. 
It is also suggested to conduct a similar study by employing female golfers to 
investigate whether generally smaller resultant distance of golf shots for female golfers 
would originated in movement patterns or in differences of strength level existing 
between male and female golfers. Furthermore, it is recommended to conduct a study 
while varying inertia characteristics of golf clubs to investigate effects on the temporal 
characteristic differences between the lower and upper body and between upper body and 
the golf club as well as temporal delay of the wrist uncocking. 
Moreover, the results indicated the importance of the movement pattern of the 
right lower extremities in performing the optimal golf swing. Therefore, it is also 
recommended to conduct a study employing novice and intermediate golfers while 
artificially simulating the movement of the right lower extremities to investigate the 
effects of the proper movement of right lower extremities on an overall movement pattern 
of golf swings. 
Existence of substantial differences in movement patterns between practice swings 
and actual golf shots is a common phenomena for novice and intermediate golfers. 
Therefore, it is also recommended to conduct a study employing novice and intermediate 
golfers while investigating practice swings and actual golf shots in order to study possible 
cause of the differences in movement patterns existing between practice swings and actual 
golf shots. 155 
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Appendix A. Subject Informed Consent Form 159 
Informed Consent 
/  / 
Name  Birth Date  Sex 
(  )  _ 
Address  Telephone 
Golf is a popular sport and recreational activity in many countries. For some 
golfers, it is a competitive sport while for others it may be simply a recreational or a 
health objective physical activity. At all levels, the main concern of golfers is to improve 
their skill level to become competitive or to enhance enjoyment of the game of golf. 
However, when trying to improve his/her skill level, a golfer may be overwhelmed by a 
considerable amount of information based on the experience of competitive golfers. The 
information from books, magazines, and other golfers is often lacking a scientific base 
resulting in considerable confusion among golfers. The information from lesson books 
and/or lesson from teaching professional golfers often fail to provide the explanation of 
the movement of golf swing by means of mechanics as well as linked segment model of 
human body resulting in a considerable fragmentation of movement. In addition, an 
appropriate and effective method of analyzing the golf swing has not been empirically 
defined, therefore, determining the basic elements of the golf swing as well as effective 
method of analyzing the golf swing would be quite meaningful for the future of the game 
of golf. 
The main purpose of the present study is to determine the basic components of the 
golf swing and an effective method of analyzing golf swings. In order to achieve the main 
purpose, three sub purposes are defined: (a) to develop a large data base from elite 
golfers; (b) to define the common variables present among elite golfers; and (c) to 
compare the data from various sampling frequencies. The effectiveness of the results of 
the present research on the analytical and instructional purposes will also be investigated 
by comparing and analyzing the golf swing of novice golfers by utilizing the results of the 
present research. 
As a volunteer subject you will be video taped while performing golf shots during 
a regular practice session at the driving range, using three different golf clubs; Driver, 3-
Iron, and 8-Iron, 3 shots each, total of 9 shots. Golf shots will be performed in normal 
and comfortable manner. These performances will be recorded by the use of two high-
speed video cameras positioned approximately fifteen meters from you and 90° apart. 
During golf shot performance nothing will be attached to your body. You will have your 
usual warm-up phase prior to the data collection and have usual amount of rest between 
each trial. 
Each data collection session will take approximately 15 minutes. 
Figure A.1. Subject informed consent form. 160 
More complete information concerning this study is available through personal 
contact with an investigator: 
Koichiro Fujimoto  
4193 NW. Bittersweet Place, Corvallis, OR 97330 U.S.A.  
(503)753-5822  
Or  
27-10 Fujimi-cho, Kawagoe-city, Saitama 350 Japan  
(0492)24-0189  
As a volunteer for this study you will have the satisfaction of knowing that you 
have helped to define the basic elements of the golf swing. Your participation in this 
study will allow me to examine the mechanics of the golf swing which would be 
beneficial for the future of the game of golf. 
The data from this project will be used for a statistical analysis and will be 
published as a partial fulfillment for the requirement for the Doctor of Philosophy degree 
in Exercise and Sports Science. It is also possible that the information from this study 
may be published elsewhere, however, at all times will your anonymity will be 
preserved. 
In order for you to participate in this study, it will be necessary for you to give 
your written consent. 
If you have any questions, please write them in the space provided below entitled 
"I have the following questions" and I will answer them immediately. 
I have the following questions: 
Figure A.1. Subject informed consent form continued. 161 
B. Individual Subject Consent Form 162 
Individual subject consent form 
1.	  I hereby consent to participate in a research project to be conducted under the 
direction of Mr. Koichiro Fujimoto. I understand that although the project will be 
under Mr. Fujimoto's direction, other investigator will assist him or be associated 
with him. 
2.	  It has been explained to me and I understand that: 
a).	  This project is to investigate the mechanics of the golf swing and define 
the basic elements of the golf swing by utilizing three dimensional high-
speed video technique. 
b).	  My participation will be one sessions of approximately 15 minutes. My 
participation is more specifically described in the attached informed 
consent statement. 
c).	  I may end my participation in this project at any time without prejudice and 
Mr. Fujimoto may end it any time also with or without my consent. 
d).  The data from this project will be used for a statistical analysis and that 
upon publication my identity will be concealed. 
3.	  I further consent to allow Mr. Fujimoto or his associates or assistants to 
administer the program described in the attached informed consent statement; 
report their findings to government agencies; manufacturers; or scientific bodies, 
and to publish their findings. 
4.	  My consent is given freely and with full knowledge of the nature and purpose of 
this project, the alternatives that are reasonably available, the benefits that may be 
expected, and the risks that may be involved, as more particularly described in the 
attached memorandum, which memorandum is incorporated herein and made part 
hereof. 
Witness	  Signed  Date 
Figure B.1. Individual subject consent form. 163 
Appendix C. Subject Characteristics 164 
Subject  Ethnicity  Age  Height (cm)  Weight (kg) 
1 
2 
_ 
Caucasian 
Asian 
-
25 
25 
181.5 
170.3 
83 
70 
3  Caucasian  24  180.0  82 
4  Caucasian  38  182.7  85 
5  Asian  35  176.0  75 
6  Asian  40  166.7  70 
7  Asian  36  181.2  72 
8  Asian  39  167.5  65 
9  Asian  33  178.9  76 
10  Asian  33  168.0  64 
11  Asian  25  173.2  70 
12  Asian  36  173.8  72 
13  Asian  29  183.9  85 
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Appendix D. Nomenclature 166 
Nomenclature 
AS 
One of three conditions utilized in the present study which represent the 
accuracy shot. The trials for AS were performed using 81. 
DS 
One of three conditions utilized in the present study which represent the 
distance shot. The trials for DS were performed using 1W. 
IS 
One of three conditions utilized in the present study which represent the 
intermediate shot. The trials for IS were performed using 31. 
F test 
One of four statistical testing performed on each variable analyzed in the 
present study. An F test represents the one-way ANOVA procedure which 
tests the significant differences among DS, IS, and AS. 
t-test 1W vs. 31 
One of four statistical testing performed on each variable analyzed in the 
present study. A t-test 1W vs. 31 represents the t-test which tests the 
significant differences between DS and IS. 
t-test 1W vs. 81 
One of four statistical testing performed on each variable analyzed in the 
present study. A t-test 1W vs. 81 represents the t-test which tests the 
significant differences between DS and AS. 
t-test 31 vs. 81 
One of four statistical testing performed on each variable analyzed in the 
present study. A t-test 31 vs. 81 represents the t-test which tests the 
significant differences between IS and AS. 
N1 
One of two normalization processes utilized in the present study. N1 
represents the normalization process which normalize only temporal 
characteristics of the data set. Specifically, Ni produced a data file which 
contain 200 data points regardless the duration of the golf swing. Thus, 
each data point of the Ni represent .5% of the duration of the golf swing. 
N2 
One of two normalization processes utilized in the present study. N2 
represents the normalization process which normalize both temporal 
characteristics and value of the data set. Specifically, not only every N2 
data set possesses the same temporal characteristics as Ni data set, but 
also every value was normalized based on the maximum and minimum 
value of the specific variable being normalized. 
Figure D. Nomenclature. 167 
AD 
Angular displacement 
AV 
Angular velocity 
LD 
Linear displacement 
LV 
Linear velocity 
COM 
Center of mass 
Figure D. Nomenclature (continued). 168 
Appendix E. Golf Swing Rotational Model 169 
SU : Set-up  TA30°: Take Away 1  TA60° : Take Away 2 
1st Frame of the  Golf Club Forms  Golf Club Forms 
Video Recorded  30° in XZ Plane  60° in XZ Plane 
Around Y Axis  Around Y Axis 
Figure E.1. Golf swing rotational models for SU, TA30°, and TA60°. 
TA90° : Take Away 3  TA120° : Take Away 4  TA150° : Take Away 5 
Golf Club Forms  Golf Club Forms  Golf Club Forms 
90° in XZ Plane  120° in XZ Plane  150° in XZ Plane 
Around Y Axis  Around Y Axis  Around Y Axis 
Figure E.2. Golf swing rotational models for TA90°, TA120°, and TA150°. 170 
TA180° : Take Away 6  TA210° : Take Away 7  TA240° : Take Away 8 
Golf Club Forms  Golf Club Forms  Golf Club Forms 
180° in XZ Plane  210° in XZ Plane  240° in XZ Plane 
Around Y Axis  Around Y Axis  Around Y Axis 
Figure E.3. Golf swing rotational models for TA180°, TA210°, and TA240°. 
TA270° : Take Away 9  TA300° : Take Away 10  LT : Lower Body 
Golf Club Forms  Golf Club Forms  Top of the Swing 
270° in XZ Plane  300° in XZ Plane  Maximum Hip Rotation 
Around Y Axis (if any)  Around Y Axis ( if any)  in XY Plane 
Around Z Axis 
Figure E.4. Golf swing rotational models for TA270°, TA300°, and LT. 171 
UT : Upper Body  CT : Club Top  DS300° : Down Swing 1 
Top of the Swing  of the Swing  Golf Club Forms 
Maximum Shoulder  Golf Club Reaches its  300° in XZ Plane 
Rotation in XY Plane  Maximum Rotation  Around Y Axis (if any) 
Around Z Axis  in XZ Plane 
Around Y Axis 
Figure E.5. Golf swing rotational models for UT, CT, and DS300°. 
DS270° : Down Swing 2  DS240° : Down Swing 3  DS210° : Down Swing 4 
Golf Club Forms  Golf Club Forms  Golf Club Forms 
270° in XZ Plane  240° in XZ Plane  210° in XZ Plane 
Around Y Axis (if any)  Around Y Axis  Around Y Axis 
Figure E.6. Golf swing rotational models for DS270°, DS240°, and DS210°. 172 
DS180° : Down Swing 5  DS150° : Down Swing 6  DS120° : Down Swing 7  
Golf Club Forms  Golf Club Forms  Golf Club Forms  
180° in XZ Plane  150° in XZ Plane  120° in XZ Plane  
Around Y Axis  Around Y Axis  Around Y Axis  
Figure E.7. Golf swing rotational models for DS180°, DS150°, and DS120°. 
DS90° : Down  DS60° : Down  DS30° : Down  IP : Impact 
Swing 8  Swing 9  Swing 10  Golf Club Contacts 
Golf Club Forms  Golf Club Forms  Golf Club Forms  with Golf Ball 
90° in XZ Plane  60° in XZ Plane  30° in XZ Plane 
Around Y Axis  Around Y Axis  Around Y Axis 
Figure E.8. Golf swing rotational models for DS90°, DS60°, DS30°, and IP. 173 
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Body segment parameters 
Weight of the Golf Club Used: 
1W : .375kg  31 : .430kg  81 : .460kg 
Table F.1. Body segment parameters used for DS. 
Segment  Percent  Percent  Radius of 
Length (m)  Mass (kg)  Gyration 
Head  .433  .080568  .495 
Right Foot  .429  .014423  .475 
Right Shank  .433  .046252  .302 
Right Thigh  .433  .099467  .323 
Right Upper Arm  .436  .027851  .322 
Right Forearm  .677  .021883  .468 
Left Foot  .429  .014423  .475 
Left Shank  .433  .046252  .302 
Left Thigh  .433  .099467  .323 
Left Upper Arm  .436  .027851  .322 
Left Forearm  .677  .021883  .468 
Trunk  .4383  .494352 
Driver  .765  .005329  .464834 175 
Table F.2. Body segment parameters used for IS. 
Segment  Percent  Percent  Radius of 
Length (m)  Mass (kg)  Gyration 
Head  .433  .080505  .495 
Right Foot  .429  .014411  .475 
Right Shank  .433  .046216  .302 
Right Thigh  .433  .099389  .323 
Right Upper Arm  .436  .027829  .322 
Right Forearm  .677  .021866  .468 
Left Foot  .429  .014411  .475 
Left Shank  .433  .046216  .302 
Left Thigh  .433  .099389  .323 
Left Upper Arm  .436  .027829  .322 
Left Forearm  .677  .021866  .468 
Trunk  .4383  .493966 
3 Iron  .7393  .006105  .418587 176 
Table F.3. Body segment parameters used for AS. 
Segment  Percent  Percent  Radius of 
Length (m)  Mass (kg)  Gyration 
Head  .433  .080471  .495 
Right Foot  .429  .014405  .475 
Right Shank  .433  .046196  .302 
Right Thigh  .433  .099347  .323 
Right Upper Arm  .436  .027817  .322 
Right Forearm  .677  .021856  .468 
Left Foot  .429  .014405  .475 
Left Shank  .433  .046196  .302 
Left Thigh  .433  .099347  .323 
Left Upper Arm  .436  .027817  .322 
Left Forearm  .677  .021856 
8 Iron  .7104  .006529  .391447 177 
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Table G.1. List of segmental end points defining the golfer's model. 
Name 
1.  Ball 
2.  Head 
3.  Neck 
4.  Right Shoulder 
5.  Right Elbow 
6.  Right Wrist 
7.  Right Hip 
8.  Right Knee 
9.  Right Ankle 
10. Right Toe 
11. Left Shoulder 
12. Left 
13. Left Wrist 
14. Left Hip 
15. Left Knee 
16. Left Ankle 
17. Left Toe 
18. Grip 
19. Club Head 
20. Center of Mass 
Definition 
Center of Golf Ball 
Mid Point between Right and Left Ear Canals 
C7-T1 & 1st Rib 
Right Glenohumeral 
Right Elbow axis 
Right Ulnar Styloid 
Right Hip Joint Center 
Right Knee Joint Center 
Right Ankle Joint Center 
Right Head Metatarsal 
Left Glenohumeral 
Left Elbow Axis 
Left Ulnar Styloid 
Left Hip Joint Center 
Left Knee Joint Center 
Left Ankle Joint Center 
Left Head Metatarsal 
Pivot Point of the Golf Club which Coincide 
with the Location of Left Thumb 
Center of Club Head 
Total Body Center of Mass 179 
Table G.2. List of segments defining the golfer's model. 
Name 
1.  Ball 
2.  Head 
3.  Right Foot 
4.  Right Shank 
5.  Right Thigh 
6.  Right Upper Arm 
7.  Right Forearm 
8.  Left Foot 
9.  Left Shank 
10. Left Thigh 
11. Left Upper Arm 
12. Left Forearm 
13. Trunk 
14. Golf Club 
15. Shoulder 
16. Hip 
17. Knee 
18. Rotational Axis 
Definition 
Golf Ball 
HeadNeck 
R.AnkleR.Toe 
R.KneeR.Ankle 
R.HipR.Knee 
R.ShoulderR.Elbow 
R.ElbowR.Wrist 
L.AnkleL.Toe 
L. Knee  L.Ankle 
L.HipL.Knee 
L.ShoulderL.Elbow 
L.ElbowL.Wrist 
R. Shoulder  R.Hip  L.Hip  L.Shoulder 
GripClub Head 
R.ShoulderL.Shoulder 
R.HipL.Hip 
R.KneeL.Knee 
1/2 R-L.Shoulder-1/2R-L.Hip 180 
Table G.3. List of relative angles defined. 
Name 
1.  Right Ankle 
2.  Right Knee 
3.  Right Hip 
4.  Right Shoulder #1 
5.  Right Shoulder #2 
6.  Right Elbow 
7.  Right Wrist 
8.  Left Ankle 
9.  Left Knee 
10. Left Hip 
11. Left Shoulder #1 
12. Left Shoulder #2 
13. Left Elbow 
14. Left Wrist 
15. Left Pendulum 
Definition 
R.KneeR.AnkleR.Toe 
R.HipR.KneeR.Ankle 
R.ShoulderR.Hip--R.Ankle 
R.Hip  R.Shoulder  R.Elbow 
L.ShoulderR.ShoulderR.Elbow 
R.ShoulderR.ElbowR.Wrist 
R.ElbowR.WristClub Head 
L.KneeL.AnkleL.Toe 
L.Hip L.Knee  L.Ankle 
L.ShoulderL.HipL. Knee 
L.Hip  L.Shoulder  L.Elbow 
R.Shoulder-L.ShoulderL.Elbow 
L.ShoulderL.ElbowL.Wrist 
L.ElbowL.WristClub Head 
R.ShoulderL.ShoulderClub Head 181 
Table G.4. List of projected joint angles defined. 
Name 
1.  Right Knee vs. XZ 
2.  Right Knee vs. YZ 
3.  Right Elbow vs. XZ 
4.  Right Elbow vs.YZ 
5.  Right Wrist vs. XZ 
6.  Right Wrist vs. YZ 
7.  Left Knee vs. XZ 
8.  Left Knee vs. YZ 
9.  Left Elbow vs. XZ 
10. Left Elbow vs. YZ 
11. Left Wrist vs. XZ 
12. Left Wrist vs. YZ 
13. Left Pendulum vs. XZ 
14. Left Pendulum vs. XY 
Definition 
R.HipR.KneeR.Ankle vs. XZ 
R.HipR.KneeR.Ankle vs. YZ 
R.ShoulderR.ElbowR.Wrist vs. XZ 
R.ShoulderR.ElbowR.Wrist vs. YZ 
R.ElbowR.WristClub Head vs. XZ 
R.ElbowR.WristClub Head vs. YZ 
L.HipL.KneeL.Ankle vs. XZ 
L.HipL.KneeL.Ankle vs.YZ 
L.ShoulderL.ElbowL.Wrist vs.XZ 
L.ShoulderL.ElbowL.Wrist vs.YZ 
L.ElbowL.WrsitClub Head vs. XZ 
L.ElbowL.WrsitClub Head vs. YZ 
L.ShoulderL.WristClub Head vs. XZ 
L.ShoulderL.WristClub Head vs. XY 182 
Table G.5. List of projected segment angle defined. 
Name 
1.  Shoulder vs. XZ 
2.  Shoulder vs. XY 
3.  Hip vs. XZ 
4.  Hip vs. XY 
5.  Knee vs. XZ 
6.  Knee vs. YZ 
7.  Right Upper Arm vs. XZ 
8.  Right Upper Arm vs. XY 
9.  Right Forearm vs. XZ 
10. Right Forearm vs. XY 
11. Left Upper Arm vs. XZ 
12. Left Upper Arm vs. XY 
13. Left Forearm vs. XZ 
14. Left Forearm vs. XY 
15. Left Arm vs. XZ 
16. Left Arm vs. XY 
17. Golf Club vs. XZ 
18. Golf Club vs. XY 
19. Rotational Axis vs. XZ 
20. Rotational Axis vs. YZ 
Definition 
R.ShoulderL.Shoulder vs. XZ 
R.ShoulderL.Shoulder vs. XY 
R.HipL.Hip vs. XZ 
R.HipL.Hip vs. XY 
R.KneeL.Knee vs. XZ 
R.KneeL.Knee vs. YZ 
R.ElbowR.Shoulder vs. XZ 
R.ElbowR.Shoulder vs. XY 
R.WrsitR.Elbow vs. XZ 
R.WrsitR.Elbow vs. XY 
L.ElbowL.Shoulder vs. XZ 
L.ElbowL.Shoulder vs. XY 
L.WrsitL.Elbow vs. XZ 
L.WrsitL.Elbow vs. XY 
L.WristL.Shoulder vs. XZ 
L.WristL.Shoulder vs. XY 
Club HeadGrip vs. XZ 
Club HeadGrip vs. XY 
1/2 R-L.Shoulder-1/2 R-L.Hip vs. XZ 
1/2 R-L.Shoulder-1/2 R-L.Hip vs.YZ 183 
Table G.6. List of segment vs. segment projected angles defined. 
Name 
1.  ShoulderHip vs. XZ 
2.  ShoulderHip vs. XY 
3.  ShoulderKnee vs. XZ 
4.  ShoulderKnee vs. XY 
5.  HipKnee vs. XZ 
6.  HipKnee vs. XY 
7.  Shoulder vs. Right Upper Arm vs. XZ 
8.  Shoulder vs. Right Upper Arm vs. XY 
9.  Shoulder vs. Left Upper Arm vs. XZ 
10. Shoulder vs. Left Upper Arm vs. XY 
11. Shoulder vs. Golf Club vs. XZ 
12. Shoulder vs. Golf Club vs. XY 
13. Right Forearm vs. Golf Club vs. XZ 
14. Right Forearm vs. Golf Club vs. XY 
15. Left Forearm vs. Golf Club vs. XZ 
16. Left Forearm vs. Golf Club vs. XY 184 
Appendix H. Temporal Characteristics of Golf Swing Events 185 
Table H.1. Temporal characteristics of SU in absolute time (s) (statistically significant 
values (p < .10): bald and italicized). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.004  0.000  0.004  0.004 
31  0.004  0.000  0.004  0.004 
81  0.004  0.000  0.004  0.004 
F  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.00  0.00  0.00  0.00 
Table H.2. Temporal characteristics of SU in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  0.50  0.00  0.50  0.50 
31  0.50  0.00  0.50  0.50 
81  0.50  0.00  0.50  0.50 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.00  0.00  0.00  0.00 
Table H.3. Temporal characteristics of TA30° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.190  0.049  0.164  0.217 
31  0.172  0.042  0.150  0.195 
81  0.180  0.024  0.167  0.193 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.67  1.01  0.70  -0.56 186 
Table H.4. Temporal characteristics of TA30° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  16.46  3.38  14.63  18.30 
31  15.38  3.17  13.66  17.11 
81  16.12  1.78  15.15  17.08 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.48  0.84  0.33  -0.72 
Table H.5. Temporal characteristics of TA60° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.294  0.059  0.263  0.326 
31  0.276  0.248  0.304 
81  0.280  0.036  0.261  0.299 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.50  0.85  0.76  -0.23 
Table H.6. Temporal characteristics of TA60° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  25.31  3.22  23.56  27.06 
31  24.58  3.24  22.82  26.34 
81  25.15  2.14  23.99  26.32 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.23  0.58  0.14  -0.54 187 
Table H.7. Temporal characteristics of TA90° in absolute time (s). 
MearKs)  SD(s)  90%LL(s)  90%UL(s) 
I W  0.391  0.075  0.350  0.432 
31  0.368  0.063  0.334  0.402 
81  0.367  0.045  0.342  0.391 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.62  0.85  1.00  0.06 
Table H.8. Temporal characteristics of TA90° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  33.77  3.33  31.96  35.58 
31  32.69  3.47  30.81  34.58 
81  33.00  2.48  31.65  34.35 
F test  t-test 1W vs 31  t-test I W vs 81  t-test 31 vs 81 
Statistics  0.41  0.81  0.67  -0.26 
Table 1-1.9. Temporal characteristics of TA120° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.465  0.086  0.419  0.5 12 
31  0.442  0.073  0.403  0.482 
81  0.439  0.053  0.410  0.468 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.51  0.74  0.93  0.11 188 
Table H.10. Temporal characteristics of TA120° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  40.15  3.48  38.26  42.04 
31  39.27  3.46  37.39  41.15 
81  39.65  2.90  38.08  41.23 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.24  0.65  0.40  -0.31 
Table H.11. Temporal characteristics of TA150° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.525  0.098  0.472  0.578 
31  0.505  0.081  0.461  0.549 
81  0.506  0.062  0.473  0.540 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.24  0.57  0.58  -0.05 
Table H.12. Temporal characteristics of TA150° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  45.27  3.61  43.31  47.23 
31  44.92  3.63  42.95  46.90 
81  45.50  3.06  43.84  47.16 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.09  0.24  -0.18  -0.44 189 
Table H.13. Temporal characteristics of TA180° in absolute time (s). 
Meari(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.581  0.109  0.521  0.640 
3I  0.564  0.091  0.515  0.613 
81  0.569  0.071  0.531  0.608 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.11  0.42  0.31  -0.16 
Table H.14. Temporal characteristics of TA180° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  50.08  3.67  48.08  52.07 
31  50.15  3.43  48.29  52.02 
81  51.23  3.24  49.47  52.99 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.45  -0.06  -0.85  -0.82 
Table H.15. Temporal characteristics of LT in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.781  0.160  0.694  0.868 
31  0.726  0.164  0.637  0.815 
81  0.671  0.080  0.627  0.714 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  2.01  0.87  2.22  1.09 190 
Table H.16. Temporal characteristics of LT in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  67.15  3.94  65.01  69.30 
31  64.12  6.67  60.49  67.74 
81  60.69  6.83  56.98  64.40 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  3 . 82  1.41  2.96  1.29 
Table H.17. Temporal characteristics of UT in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.850  0.178  0.753  0.946 
31  0.814  0.154  0.731  0.898 
81  0.813  0.155  0.729  0.897 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.22  0.54  0.57  0.03 
Table 11.18. Temporal characteristics of UT in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  72.96  2.58  71.56  74.36 
31  72.00  4.27  69.68  74.32 
81  72.50  5.25  69.65  75.35 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.17  0.70  0.28  -0.27 191 
Table H.19. Temporal characteristics of CT in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  0.890  0.187  0.789  0.992 
31  0.855  0.166  0.765  0.946 
81  0.838  0.140  0.762  0.914 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.34  0.51  0.81  0.29 
Table H.20. Temporal characteristics of CT in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  77.15  2.13  75.99  78.31 
31  76.88  1.54  76.05  77.72 
81  76.42  1.41  75.66  77.19 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.60  0.37  1.03  0.80 
Table 11.21. Temporal characteristics of DS180° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  1.065  0.209  0.952  1.178 
31  1.030  0.190  0.927  1.133 
81  1.012  0.167  0.921  1.103 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.26  0.44  0.71  0.25 192 
Table H.22. Temporal characteristics of DS180° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  91.62  1.50  90.80  92.43 
31  91.23  1.59  90.37  92.09 
81  90.54  1.56  89.69  91.39 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  1.61  0.63  1.79  1.12 
Table H.23. Temporal characteristics of DS150° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  1.080  0.208  0.967  1.193 
31  1.047  0.189  0.944  1.150 
81  1.033  0.165  0.943  1.123 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.21  0.42  0.64  0.20 
Table H.24. Temporal characteristics of DS150° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  92.85  1.23  92.18  93.52 
31  92.69  1.33  91.97  93.42 
81  92.38  1.23  91.72  93.05 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.45  0.31  0.96  0.61 193 
Table H.25. Temporal characteristics of DS120° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  1.094  0.208  0.981  1.207 
31  1.063  0.189  0.960  1.166 
81  1.052  0.165  0.962  1.141 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.17  0.39  0.57  0.16 
Table H.26. Temporal characteristics of DS120° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  94.19  1.05  93.62  94.76 
31  94.08  1.04  93.51  94.64 
81  94.12  0.96  93.59  94.64 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.04  0.28  0.19  -0.10 
Table H.27. Temporal characteristics of DS90° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90 %UL(s) 
1W  1.111  0.208  0.998  1.224 
31  1.081  0.188  0.978  1.183 
81  1.070  0.165  0.980  1.159 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.17  0.40  0.57  0.16 194 
Table H.28. Temporal characteristics of DS90° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  95.65  0.83  95.20  96.10 
31  95.77  0.75  95.36  96.18 
81  95.77  0.73  95.38  96.16 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.10  -0.37  -0.38  0.00 
Table H.29. Temporal characteristics of DS60° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90%UL(s) 
1W  1.129  0.208  1.016  1.242 
31  1.098  0.188  0.995  1.200 
81  1.086  0.164  0.997  1.176 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.18  0.41  0.58  0.16 
Table H.30. Temporal characteristics of DS60° in normalized time (%). 
Mean(%)  SD(%)  90%LL(%)  90%UL(%) 
1W  97.23  0.60  96.91  97.56 
31  97.38  0.62  97.05  97.72 
81  97.31  0.48  97.05  97.57 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.24  -0.64  -0.36  0.35 195 
Table H.31. Temporal characteristics of DS30° in absolute time (s). 
Mean(s)  SD(s)  90%LL(s)  90 %UL(s) 
1W  1.142  0.207  1.029  1.254 
31  1.110  0.188  1.008  1.212 
81  1.100  0.164  1.011  1.189 
F test  t-test 1W vs 31  t-test 1W vs 81  t-test 31 vs 81 
Statistics  0.18  0.41  0.57  0.15 
Table H.32. Temporal characteristics of DS30° in normalized time (%). 
Mean(%) 
IW  98.31 
31  98.35 
81  98.54 
F test 
Statistics  1.38 
SD(%) 
0.43  
0.32  
0.38  
t-test 1W vs 31  
-0.26  
90%LL(%) 
98.07  
98.17  
98.33  
t-test 1W vs 81  
-1.44  
Table H.33. Temporal characteristics of IP in absolute time (s). 
Mean(s) 
1W  1.149 
31  1.116 
81  1.105 
F test 
Statistics  0.20 
SD(s) 
0.206  
0.187  
0.164  
t-test 1W vs 31  
0.43  
90%LL(s) 
1.037  
1.014  
1.016  
t-test 1W vs 81  
0.61  
90%UL(%) 
98.54  
98.52  
98.74  
t-test 31 vs 81  
-1.40  
90%UL(s) 
1.261 
1.218 
1.194 
t-test 31 vs 81 
0.16 196 
Table H.34. Temporal characteristics of IP in normalized time (%). 
1W 
31 
81 
Statistics 
Mean(%) 
98.50 
98.50 
98.50 
F test 
0.00 
SD(%) 
0.00 
0.00 
0.00 
t-test INV vs 31 
0.00 
90%LL(%) 
98.50 
98.50 
98.50 
t-test 1W vs 81 
0.00 
90%UL(%) 
98.50 
98.50 
98.50 
t-test 31 vs 81 
0.00 197 
Appendix I. Time to Events for All Subjects 198 
Table 1.1. Time to SU for 13 subjects in absolute time. 
Club  S1  S2  S3  S4  S5  S6  S7  S8  S9 
1 W  0.004  0.004  0.004  0.004  0.004  0.004  0.004  0.004  0.004 
31  0.004  0.004  0.004  0.004  0.004  0.004  0.004  0.004  0.004 
81  0.004  0.004  0.004  0.004  0.004  0.004  0.004  0.004  0.004 
Club  S I 0  S 1 I  S12  513  Mean  SD  90%LL  90%UL 
IW  0.004  0.004  0.004  0.004  0.004  0.000  0.004  0.004 
31  0.004  0.004  0.004  0.004  0.004  0.000  0.004  0.004 
81  0.004  0.004  0.004  0.004  0.004  0.000  0.004  0.004 
Table 1.2. Time to SU for 13 subjects in normalized time. 
Club SI  S2  S3  S4  S5  S6  S7  S8  S9 
IW  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 
31  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 
81  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50 
Club	  S I 0  S11  S12  S13  Mean  SD  90%LL  90%UL 
1W  0.50  0.50  0.50  0.50  0.50  0.00  0.50  0.50 
31  0.50  0.50  0.50  0.50  0.50  0.00  0.50  0.50 
81  0.50  0.50  0.50  0.50  0.50  0.00  0.50  0.50 
Table 1.3. Time to TA30° for 13 subjects in absolute time. 
Club S1  S2 S3 S4 S5 S6 S7  S8 S9 
1W  0.216  0.272  0.208  0.208  0.204  0.176  0.164  0.220  0.132 
31  0.168  0.184  0.232  0.164  0.148  0.152  0.152  0.200  0.120 
81  0.168  0.212  0.196  0.160  0.172  0.168  0.188  0.156  0.168 
Club	  S 10  S H  S 12  S13  Mean  SD  90%LL  90%UL 
IW  0.136  0.108  0.168  0.260  0.190  0.049  0.168  0.212 
31  0.124  0.128  0.240  0.228  0.172  0.042  0.153  0.191 
81  0.156  0.156  0.212  0.224  0.180  0.024  0.169  0.191 199 
Table 1.4. Time to TA30° for 13 subjects in normalized time. 
Club  S I  S2  S3 S4  S5  SO  S7  S8  S9 
1W  19.50  16.50  19.50  21.00  18.50  17.50  16.00  19.50  14.00 
31  15.50  11.50  22.00  17.00  14.50  16.00  15.00  17.50  13.00 
81  15.50  13.50  19.50  16.50  16.00  17.00  18.00  15.00  17.00 
Club  S 10  SI I  S12  S13  Mean  SD  90%Ll.,  90%UL 
1W  11.50  10.50  12.50  17.50  16.46  3.38  14.92  18.00 
31  10.50  12.00  18.50  17.00  15.38  3.17  13.94  16.83 
81  13.50  14.00  17.00  17.00  16.12  1.78  15.30  16.93 
Table 1.5. Time to TA60° for 13 subjects in absolute time. 
Club S1  S2  S3  S4  S5  S6  S7  S8  S9 
IW  0.288  0.376  0.320  0.292  0.288  0.256  0.272  0.324  0.200 
31  0.236  0.320  0.336  0.248  0.236  0.232  0.272  0.308  0.216 
81  0.240  0.344  0.292  0.248  0.260  0.260  0.292  0.272  0.240 
Club	  S 10  S 11  S12  S13  Mean  SD  90%LL  90%UL 
I W  0.248  0.228  0.320  0.416  0.294  0.059  0.268  0.321 
31  0.236  0.236  0.352  0.360  0.276  0.052  0.252  0.300 
81  0.256  0.276  0.324  0.336  0.280  0.036  0.264  0.296 
Table 1.6. Time to TA60° for 13 subjects in normalized time. 
Club S i  S2  S3  S4  S5  S6  S7  S8  S9 
1W  26.00  22.50  30.50  29.00  26.00  25.00  26.00  28.50  21.50 
31  22.00  20.00  31.50  25.50  23.00  24.50  27.00  27.00  23.00 
81  22.00  22.00  29.00  26.00  24.00  26.00  28.00  26.00  24.50 
Club  S10  S11  S12  S13  Mean  SD  90%LL  90%UL 
1W  20.50  21.00  24.50  28.00  25.31  3.22  23.84  26.78 
31  20.50  22.00  26.50  27.00  24.58  3.24  23.10  26.05 
81  22.50  25.00  26.00  26.00  25.15  2.14  24.18  26.13 200 
Table 1.7. Time to TA90° for 13 subjects in absolute time. 
Club S1  S2  S3  S4  S5  S6  S7  S8  S9 
IW  0.352  0.492  0.416  0.368  0.372  0.340  0.368  0.412  0.272 
31  0.300  0.448  0.420  0.324  0.316  0.312  0.364  0.400  0.292 
81  0.304  0.456  0.372  0.328  0.340  0.344  0.380  0.360  0.312 
Club  S 10  S11  S12  S13  Mean  SD  90%LL,  90%UL 
1W  0.364  0.340  0.416  0.572  0.391  0.075  0.357  0.425 
31  0.340  0.344  0.440  0.484  0.368  0.063  0.339  0.397 
81  0.356  0.368  0.416  0.432  0.367  0.045  0.346  0.387 
Table 1.8. Time to TA90° for 13 subjects in normalized time. 
Club Si  S2  S3  S4  S5  S6  S7  S8  S9 
1W  32.00  30.00  39.50  37.00  34.00  33.50  35.50  36.00  29.00 
31  28.00  28.00  39.50  33.50  30.50  32.50  36.00  35.00  31.00 
81  28.50  29.50  37.00  34.00  31.50  34.50  36.50  34.50  32.00 
Club  S 10  S II  S12  S13  Mean  SD  90%LL  90%UL 
1W  30.50  32.00  31.50  38.50  33.77  3.33  32.25  35.29 
31  29.00  32.00  33.50  36.50  32.69  3.47  31.11  34.27 
81  31.00  33.50  33.00  33.50  33.00  2.48  31.87  34.13 
Table 1.9. Time to TA120° for 13 subjects in absolute time. 
Club Si  S2  S3  S4  S5  S6  S7  S8  S9 
IW  0.412  0.584  0.476  0.440  0.440  0.396  0.436  0.480  0.340 
31  0.360  0.540  0.480  0.396  0.376  0.372  0.428  0.472  0.356 
81  0.364  0.536  0.436  0.396  0.404  0.404  0.452  0.432  0.376 
Club  S 10  Sll  S 12  S13  Mean  SD  90%L.L.  90%UL 
1W  0.448  0.432  0.484  0.680  0.465  0.086  0.426  0.504 
31  0.432  0.432  0.528  0.576  0.442  0.073  0.409  0.475 
81  0.440  0.452  0.500  0.520  0.439  0.053  0.415  0.464 201 
Table 1.10. Time to TA120° for 13 subjects in normalized time. 
Club S I  S2 S3 S4 S5  SO S7 S8 S9 
IW  37.50  35.50  45.50  43.50  40.00  39.00  42.00  42.00  36.00 
31  33.50  34.00  45.50  40.50  36.50  39.00  42.00  41.50  38.00 
81  34.00  35.00  43.50  41.50  37.50  41.00  43.50  41.50  38.50 
Club  S 10  S I I  S 12  S13  Mean  SD  90%11.  90%UL 
1W  37.50  40.50  37.00  46.00  40.15  3.48  38.57  41.74 
31  37.00  40.00  40.00  43.00  39.27  3.46  37.69  40.85 
81  38.50  41.00  40.00  40.00  39.65  2.90  38.33  40.98 
Table I.11. Time to TA150° for 13 subjects in absolute time. 
Club S I S2 S3 S4 S5 S6 S7 S8  S9 
1W  0.468  0.656  0.520  0.488  0.492  0.436  0.484  0.536  0.392 
31  0.416  0.616  0.532  0.452  0.424  0.424  0.476  0.528  0.420 
81  0.424  0.612  0.488  0.448  0.460  0.460  0.508  0.500  0.444 
Club  SIO  S11  S12  S13  Mean  SD  90%LL  90%UL 
IW  0.536  0.496  0.540  0.776  0.525  0.098  0.480  0.569 
31  0.508  0.500  0.612  0.652  0.505  0.081  0.468  0.542 
81  0.528  0.524  0.576  0.608  0.506  0.062  0.478  0.534 
Table 1.12. Time to TA150° for 13 subjects in normalized time. 
Club  S I  S2  S3 S4  S5  SO  S7  S8  S9 
IW  42.50  39.50  49.50  48.50  45.00  43.00  46.50  46.50  42.00 
31  39.00  38.50  50.50  46.50  41.00  44.50  47.00  46.50  44.50 
81  39.50  39.50  48.50  47.00  43.00  46.00  48.50  48.00  45.00 
Club  SIO  S I I  SI2  SI3  Mean  SD  90%LL  90%UL 
1W  45.00  46.50  41.50  52.50  45.27  3.61  43.62  46.92 
31  43.50  47.00  46.50  49.00  44.92  3.63  43.27  46.58 
81  46.00  47.50  46.00  47.00  45.50  3.06  44.11  46.89 202 
Table 1.13. Time to TA180° for 13 subjects in absolute time. 
Club  S I  S2  S3  S4  55  S6  S7  S8  S9 
1W  0.528  0.728  0.568  0.528  0.536  0.472  0.524  0.588  0.448 
31  0.476  0.704  0.584  0.496  0.472  0.472  0.520  0.588  0.472 
81  0.488  0.696  0.548  0.496  0.512  0.516  0.552  0.568  0.496 
Club  S 10  S 11  S12  S 13  Mean  SD  90%LL  90%UL 
IW  0.620  0.544  0.604  0.860  0.581  0.109  0.531  0.631 
31  0.592  0.556  0.680  0.720  0.564  0.091  0.523  0.605 
81  0.612  0.592  0.644  0.680  0.569  0.071  0.537  0.602 
Table 1.14. Time to TA180° for 13 subjects in normalized time. 
Club  SI  S2  S3  S4  S5  S6  S7  S8  S9 
IW  48.00  44.00  54.00  52.50  49.00  46.50  50.50  51.00  48.00 
31  44.50  44.00  55.50  51.00  46.00  49.50  51.50  51.50  50.00 
81  45.50  45.00  54.50  52.00  47.50  52.00  53.00  54.50  50.50 
Club  S I 0  511  S I 2  S13  Mean  SD  90%LL  90%UL 
1W  52.00  51.00  46.50  58.00  50.08  3.67  48.40  51.75 
31  51.00  52.00  51.50  54.00  50.15  3.43  48.59  51.72 
81  53.50  54.00  51.50  52.50  51.23  3.24  49.75  52.71 
Table 1.15. Time to LT for 13 subjects in absolute time. 
Club  SI  S2  S3  S4  S5  S6  S7  S8  S9 
IW  0.724  1.148  0.744  0.656  0.640  0.696  0.684  0.748  0.664 
31  0.580  1.108  0.732  0.644  0.568  0.680  0.604  0.592  0.604 
81  0.660  0.704  0.696  0.648  0.536  0.616  0.704  0.572  0.608 
Club  510  S 11  S12  S13  Mean  SD  90%LL  90%UL 
1W  0.744  0.716  0.952  1.036  0.781  0.160  0.708  0.854 
31  0.832  0.700  0.856  0.936  0.726  0.164  0.651  0.801 
81  0.712  0.656  0.780  0.828  0.671  0.080  0.634  0.707 Table 1.16. Time to LT for 13 subjects in normalized time. 
Club S I S2 S3 S4 S5 S6 S7  S8 S9 
1W  65.50  69.50  71.00  65.50  58.50  69.00  66.00  65.50  71.00 
31  54.50  69.50  69.50  66.50  55.00  71.00  59.50  52.50  64.00 
81  61.00  46.00  69.00  68.00  50.00  62.00  68.00  55.00  62.00 
Club  S 10  S I I  S 12  S13  Mean  SD  90%LL  90% UL 
1W  62.00  67.00  72.50  70.00  67.15  3.94  65.36  68.95 
31  71.50  65.00  65.00  70.00  64.12  6.67  61.07  67.16 
81  62.00  59.50  62.50  64.00  60.69  6.83  57.58  63.81 
Table 1.17. Time to UT for 13 subjects in absolute time. 
Club  S I  S2  S3  S4  S5  S6 S7  S8  S9 
1W  0.780  1.280  0.736  0.712  0.808  0.772  0.748  0.824  0.636 
31  0.732  1.136  0.732  0.680  0.760  0.724  0.724  0.804  0.588 
81  0.712  1.216  0.644  0.680  0.792  0.764  0.776  0.756  0.648 
Club	  SIO  SI1  SI2  S13  Mean  SD  90%LL  90%UL 
1W  0.884  0.776  0.980  1.112  0.850  0.178  0.769  0.931 
31  0.928  0.792  0.992  0.996  0.814  0.154  0.744  0.885 
81  0.936  0.832  0.924  0.888  0.813  0.155  0.742  0.883 
Table 1.18. Time to UT for 13 subjects in normalized time. 
Club S1 S2 S3 S4 S5 S6 S7  S8 S9 
IW  71.00  77.50  70.50  71.00  73.50  76.00  72.00  72.00  68.00 
31  68.50  71.50  69.50  70.00  73.50  75.50  71.50  70.50  62.00 
81  66.00  79.00  64.00  71.00  74.00  76.50  74.50  72.50  66.00 
Club  S 10  S I I  S 12  S13  Mean  SD  90%LL  90%UL 
1W  74.00  73.00  75.00  75.00  72.96  2.58  71.79  74.14 
31  79.50  74.00  75.50  74.50  72.00  4.27  70.05  73.95 
81  81.50  75.50  73.50  68.50  72.50  5.25  70.11  74.89 2_04 
Table 1.19. Time to CT for 13 subjects in absolute time. 
Club  S I  S2  S3  S4  S5  S6  S7  S8  S9 
1W  0.792  1.308  0.820  0.728  0.828  0.760  0.776  0.884  0.680 
31  0.740  1.248  0.824  0.696  0.756  0.724  0.752  0.868  0.688 
81  0.736  1.184  0.756  0.684  0.788  0.760  0.768  0.792  0.712 
Club  S 10  S11  S12  S13  Mean  SD  90%11,  90%UL 
1W  0.968  0.816  1.008  1.208  0.890  0.187  0.805  0.976 
31  0.932  0.824  1.016  1.052  0.855  0.166  0.780  0.931 
81  0.916  0.852  0.948  1.000  0.838  0.140  0.774  0.902 
Table 1.20. Time to CT for 13 subjects in normalized time. 
Club S1  S2  S3  S4  S5  S6  S7  S8  S9 
1W  75.50  79.00  78.00  75.50  75.50  75.50  75.50  77.00  75.50 
31  75.50  78.50  78.00  75.50  75.50  76.00  75.50  76.50  75.50 
81  75.50  78.50  75.50  75.50  75.50  76.50  75.50  76.00  75.50 
Club  S I 0  S i 1  S I 2  S I 3  Mean  SD  90%LL  90%UL 
1W  81.00  76.50  77.00  81.50  77.15  2.13  76.18  78.13 
31  80.00  77.00  77.00  79.00  76.88  1.54  76.18  77.59 
81  80.00  77.00  75.50  77.00  76.42  1.41  75.78  77.07 
Table 1.21. Time to DS180° for 13 subjects in absolute time. 
Club SI  S2  S3  S4  S5  S6  S7  S8  S9 
1W  1.000  1.560  0.960  0.904  1.000  0.912  0.940  1.052  0.840 
31  0.960  1.496  0.960  0.868  0.936  0.860  0.908  1.044  0.844 
81  0.956  1.444  0.900  0.852  0.972  0.892  0.928  0.936  0.872 
Club	  S10  S 11  S12  S 13  Mean  SD  90%LL  90%UL 
1W  1.104  0.964  1.216  1.392  1.065  0.209  0.970  1.160 
31  1.072  0.972  1.220  1.252  1.030  0.190  0.944  1.117 
81  1.056  0.996  1.152  1.204  1.012  0.167  0.936  1.089 205 
Table 1.22. Time to DS180° for 13 subjects in normalized time. 
Club S t S2 S3 S4 S5 S6 S7  S8 S9 
IW  91.00  94.50  91.50  90.00  91.00  90.00  90.50  92.00  90.00 
31  90.00  94.00  91.00  89.50  90.50  90.00  90.00  91.50  89.50 
81  89.00  93.50  89.50  89.50  90.50  89.50  89.50  89.50  89.00 
Club  S 10  S11  S12  S13  Mean  SD  90%LL  90%UL 
1W  92.50  91.00  93.00  94.00  91.62  1.50  90.93  92.30 
31  92.00  91.00  93.00  94.00  91.23  1.59  90.51  91.96 
81  92.00  90.50  92.00  93.00  90.54  1.56  89.83  91.25 
Table 1.23. Time to DS150° for 13 subjects in absolute time. 
Club S I S2 S3 S4  S5 S6 S7 S8 S9 
IW  1.020  1.576  0.972  0.920  1.012  0.928  0.956  1.068  0.856 
31  0.980  1.516  0.976  0.888  0.952  0.876  0.928  1.060  0.860 
81  0.988  1.460  0.920  0.876  0.988  0.912  0.952  0.956  0.892 
Club  SIO  SI1  S12  S13  Mean  SD  90%LL  90%UL 
1W  1.120  0.980  1.228  1.404  1.080  0.208  0.985  1.175 
31  1.088  0.988  1.236  1.264  1.047  0.189  0.961  1.133 
81  1.076  1.016  1.172  1.220  1.033  0.165  0.958  1.108 
Table 1.24. Time to DS150° for 13 subjects in normalized time. 
Club S1 S2 S3 S4 S5 S6  S7 S8 S9 
IW  92.50  95.00  93.00  91.50  92.50  91.50  92.00  93.00  91.50 
31  92.00  95.00  92.50  91.50  92.00  91.50  91.50  93.00  91.00 
81  91.50  95.00  92.00  91.50  92.50  91.50  91.50  91.50  91.00 
Club  S10  S I I  SI2  SI3  Mean  SD  90%LL  90%UL 
1W  93.50  92.00  94.00  95.00  92.85  1.23  92.28  93.41 
31  93.50  92.50  94.00  95.00  92.69  1.33  92.08  93.30 
81  93.50  92.00  93.50  94.00  92.38  1.23  91.82  92.94 206 
Table 1.25. Time to DS120° for 13 subjects in absolute time. 
Club  S I  S2  S3  S4  S5  S6  S7  S8  S9 
1W  1.036  1.588  0.984  0.932  1.028  0.940  0.972  1.080  0.868 
31  1.000  1.532  0.992  0.904  0.968  0.888  0.944  1.076  0.876 
81  1.008  1.480  0.940  0.892  1.008  0.928  0.972  0.976  0.912 
Club  S10  SI I  S12  S13  Mean  SD  90%LL  90%UL 
1W  1.136  0.992  1.244  1.416  1.094  0.208  0.999  1.188 
31  1.104  1.004  1.252  1.276  1.063  0.189  0.976  1.149 
1.092  1.040  1.188  1.236  1.052  0.165  0.976  1.127 
Table 1.26. Time to DS120° for 13 subjects in normalized time. 
Club  S1  S2  S3 sS4  S5  S6  S7  S8  S9 
1W  94.00  96.00  94.00  93.00  94.00  93.00  93.50  94.50  93.00 
31  93.50  96.00  94.00  93.00  93.50  93.00  93.00  94.50  93.00 
81  94.00  96.00  93.50  93.50  94.00  93.00  93.50  93.50  93.00 
Club  S I0  S I 1  S 12  S 13  Mean  SD  90%LL  90%UL 
1W  95.00  93.50  95.00  96.00  94.19  1.05  93.71  94.67 
31  95.00  94.00  95.00  95.50  94.08  1.04  93.60  94.55 
81  95.00  94.00  95.00  95.50  94.12  0.96  93.68  94.55 
Table 1.27. Time to DS90° for 13 subjects in absolute time. 
Club S1  S2  S3  54  S5  S6  S7  S8  S9 
1W  1.052  1.608  1.000  0.952  1.044  0.960  0.988  1.096  0.888 
31  1.020  1.548  1.008  0.924  0.984  0.908  0.960  1.092  0.896 
81  1.032  1.496  0.960  0.908  1.024  0.944  0.988  0.996  0.928 
Club	  S 10  S I I  S12  S13  Mean  SD  90%LL  90%UL 
1W  1.156  1.012  1.260  1.432  1.111  0.208  1.017  1.206 
31  1.124  1.024  1.268  1.292  1.081  0.188  0.995  1.166 
81  1.104  1.060  1.208  1.256  1.070  0.165  0.994  1.145 207 
Table 1.28. Time to DS90° for 13 subjects in normalized time. 
Club  S I  S2  S3  S4  S5  S6  S7  S8  S9 
1W  95.50  97.00  95.50  94.50  95.50  95.00  95.00  95.50  95.00 
31  95.50  97.00  95.50  95.00  95.50  95.00  95.00  96.00  95.00 
81  96.00  97.00  95.50  95.00  95.50  95.00  95.00  95.50  95.00 
Club  S 10  S11  S12  S13  Mean  SD  90%LL  90%UL 
1W  96.50  95.00  96.50  97.00  95.65  0.83  95.28  96.03 
31  96.50  95.50  96.50  97.00  95.77  0.75  95.43  96.11 
81  96.50  96.00  96.00  97.00  95.77  0.73  95.44  96.10 
Table 1.29. Time to DS60° for 13 subjects in absolute time. 
Club  S1  S2  S3  S4  S5  S6  S7  S8  S9 
1W  1.072  1.628  1.016  0.968  1.064  0.980  1.008  1.112  0.908 
31  1.036  1.568  1.028  0.940  1.000  0.924  0.980  1.112  0.912 
81  1.048  1.512  0.976  0.924  1.040  0.964  1.008  1.012  0.948 
Club  SIO  S I 1  S12  S13  Mean  SD  90%LL  90%UL 
1W  1.172  1.028  1.272  1.452  1.129  0.208  1.034  1.224 
31  1.136  1.044  1.284  1.304  1.098  0.188  1.012  1.183 
81  1.116  1.080  1.224  1.272  1.086  0.164  1.012  1.161 
Table 1.30. Time to DS60° for 13 subjects in normalized time. 
Club  S I  S2  S3  S4  S5  S6  S7  S8  S9 
IW  97.00  98.50  97.00  96.50  97.00  97.00  97.00  97.00  97.00 
31  97.00  98.50  97.50  97.00  97.00  97.00  96.50  97.50  96.50 
81  97.50  98.00  97.00  97.00  97.00  96.50  97.00  97.00  97.00 
Club  SIO  S II  S12  S13  Mean  SD  90%LL  90%UL 
1W  98.00  96.50  97.50  98.00  97.23  0.60  96.96  97.50 
31  98.00  97.50  98.00  98.00  97.38  0.62  97.10  97.67 
81  97.50  98.00  97.50  98.00  97.31  0.48  97.09  97.53 208 
Table 1.31. Time to DS30° for 13 subjects in absolute time. 
Club  S I  S2  S3  S4  S5  S6  S7  S8  S9 
1W  1.084  1.640  1.028  0.984  1.076  0.992  1.024  1.128  0.920 
31  1.048  1.580  1.040  0.952  1.016  0.940  0.992  1.124  0.924 
81  1.064  1.528  0.988  0.940  1.056  0.976  1.020  1.028  0.960 
Club  S I 0  S I 1  S12  S 13  Mean  SD  90%1.1.,  90%UL 
1W  1.184  1.040  1.284  1.460  1.142  0.207  1.048  1.236 
31  1.148  1.056  1.296  1.316  1.110  0.188  1.025  1.196 
81  1.128  1.092  1.236  1.284  1.100  0.164  1.025  1.175 
Table 1.32. Time to DS30° for 13 subjects in normalized time. 
Club  S I  S2  S3 S4  S5  S6  S7  S8  S9 
1W  98.00  99.00  98.00  98.00  98.00  98.00  98.50  98.00  98.50 
31  98.00  99.00  98.50  98.00  98.50  98.00  98.00  98.50  98.00 
81  99.00  99.00  98.50  98.00  98.50  98.00  98.50  98.50  98.00 
Club  S I 0  SI 1  S12  S13  Mean  SD  90%LL  90%UL 
1W  99.00  98.00  98.00  99.00  98.31  0.43  98.11  98.51 
31  98.50  98.50  98.50  98.50  98.35  0.32  98.20  98.49 
81  98.50  99.00  98.50  99.00  98.54  0.38  98.37  98.71 
Table 1.33. Time to IP for 13 subjects in absolute time. 
Club S I S2 S3 S4 S5 S6  S7 S8 S9 
IW  1.092  1.644  1.036  0.992  1.084  1.000  1.028  1.136  0.924 
31  1.056  1.584  1.044  0.960  1.020  0.944  1.000  1.128  0.932 
.	  .  ..._ , 
81  1.064  1.532  0.992  0.944  1.060  0.984  1.028  1.032  0.968 
Club	  S 10  S II  S 12  S 13  Mean  SD  90% LL  90%UL 
IW  1.184  1.052  1.296  1.468  1.149  0.206  1.055  1.243 
31  1.152  1.060  1.304  1.324  1.116  0.187  1.030  1.202 
81  1.136  1.092  1.244  1.284  1.105  0.164  1.030  1.179 209 
Table 1.34. Time to IP for 13 subjects in normalized time. 
Club  S1  S2  S3  S4  S5  S6  S7  S8  S9 
1W  98.50  98.50  98.50  98.50  98.50  98.50  98.50  98.50  98.50 
31  98.50  98.50  98.50  98.50  98.50  98.50  98.50  98.50  98.50 
81  98.50  98.50  98.50  98.50  98.50  98.50  98.50  98.50  98.50 
Club  SIO  S1 1  S 12  S13  Mean  SD  90%LL  90%UL 
1W  98.50  98.50  98.50  98.50  98.50  0.00  98.50  98.50 
31  98.50  98.50  98.50  98.50  98.50  0.00  98.50  98.50 
98.50  98.50  98.50  98.50  98.50  0.00  98.50  98.50 210 
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Table J.1. Time taken between selected events for DS (1W) in absolute time. 
SU-CT  CT-TP  LT-UT  UT-CT  LT-CT 
S I  0.788  0.300  0.056  0.012  0.068 
S2  1.304  0.336  0.132  0.028  0.160 
S3  0.816  0.216  -0.008  0.084  0.076 
S4  0.724  0.264  0.056  0.016  0.072 
S5  0.824  0.256  0.168  0.020  0.188 
S6  0.756  0.240  0.076  -0.012  0.064 
S7  0.772  0.252  0.064  0.028  0.092 
S8  0.880  0.252  0.076  0.060  0.136 
S9  0.676  0.244  -0.028  0.044  0.016 
S10  0.964  0.216  0.140  0.084  0.224 
Si!  0.812  0.236  0.060  0.040  0.100 
S12  1.004  0.288  0.028  0.028  0.056 
S13  1.204  0.260  0.076  0.096  0.172 
Mean  0.886  0.258  0.069  0.041  0.110 
SD  0.187  0.033  0.055  0.032  0.061 
90%LL  0.801  0.243  0.044  0.026  0.082 
90%1114  0.972  0.274  0.094  0.055  0.137 212 
Table J.2. Time taken between selected events for IS (3I) in absolute time. 
SU-CT  CT-IP  LT-UT  UT-CT  LT-CT 
Si  0.736  0.316  0.152  0.008  0.160 
S2  1.244  0.336  0.028  0.112  0.140 
S3  0.820  0.220  0.000  0.092  0.092 
S4  0.692  0.264  0.036  0.016  0.052 
S5  0.752  0.264  0.192  -0.004  0.188 
S6  0.720  0.220  0.044  0.000  0.044 
S7  0.748  0.248  0.120  0.028  0.148 
S8  0.864  0.260  0.212  0.064  0.276 
S9  0.684  0.244  -0.016  0.100  0.084 
S10  0.928  0.220  0.096  0.004  0.100 
S11  0.820  0.236  0.092  0.032  0.124 
S12  1.012  0.288  0.136  0.024  0.160 
S13  1.048  0.272  0.060  0.056  0.116 
Mean  0.851  0.261  0.089  0.041  0.130 
SD  0.166  0.036  0.071  0.040  0.061 
90%LL  0.776  0.244  0.056  0.023  0.102 
90%UL  0.927  0.277  0.121  0.059  0.158 213 
Table J.3. Time taken between selected events for AS (8I) in absolute time. 
SU-CT  CT-IP  LT-UT  UT-CT  LT-CT 
Si  0.732  0.328  0.052  0.024  0.076 
S2  1.180  0.348  0.512  -0.032  0.480 
S3  0.752  0.236  -0.052  0.112  0.060 
S4  0.680  0.260  0.032  0.004  0.036 
S5  0.784  0.272  0.256  -0.004  0.252 
S6  0.756  0.224  0.148  -0.004  0.144 
S7  0.764  0.260  0.072  -0.008  0.064 
S8  0.788  0.240  0.184  0.036  0.220 
S9  0.708  0.256  0.040  0.064  0.104 
S10  0.912  0.220  0.224  -0.020  0.204 
Sll  0.848  0.240  0.176  0.020  0.196 
S12  0.944  0.296  0.144  0.024  0.168 
S13  0.996  0.284  0.060  0.112  0.172 
Mean  0.834  0.266  0.142  0.025  0.167 
SD  0.140  0.039  0.141  0.046  0.116 
90%LL  0.770  0.249  0.078  0.004  0.114 
90%UL  0.898  0.284  0.207  0.046  0.220 214 
Table J.4. Time taken between selected events for DS (1W) in normalized time. 
SU-CT  Cr-I'  LT-UT  UT-CT  LT -CT 
S 1  75.00  23.00  5.50  4.50  10.00 
S2  78.50  19.50  8.00  1.50  9.50 
S3  77.50  20.50  -0.50  7.50  7.00 
S4  75.00  23.00  5.50  4.50  10.00 
S5  75.00  23.00  15.00  2.00  17.00 
S6  75.00  23.00  7.00  -0.50  6.50 
S7  75.00  23.00  6.00  3.50  9.50 
S8  76.50  21.50  6.50  5.00  11.50 
S9  75.00  23.00  -3.00  7.50  4.50 
S10  80.50  17.50  12.00  7.00  19.00 
S 11  76.00  22.00  6.00  3.50  9.50 
S12  76.50  21.50  2.50  2.00  4.50 
S13  81.00  17.00  5.00  6.50  11.50 
Mesa  76.65  21.35  5.81  4.19  10.00 
SD  2.14  2.14  4.64  2.51  4.25 
90%LL  75.68  20.37  3.69  3.05  8.06 
90%UL  77.63  22.32  7.93  5.34  11.94 215 
Table J.5. Time taken between selected events for IS (31) in normalized time. 
SU-CT  CT-IP  LT-UT  UT-CT  LT-CT 
Si  75.00  23.00  14.00  7.00  21.00 
S2  78.00  20.00  2.00  7.00  9.00 
S3  77.50  20.50  0.00  8.50  8.50 
S4  75.00  23.00  3.50  5.50  9.00 
S5  75.00  23.00  18.50  2.00  20.50 
S6  75.50  22.50  4.50  0.50  5.00 
S7  75.00  23.00  12.00  4.00  16.00 
S8  76.00  22.00  18.00  6.00  24.00 
S9  75.00  23.00  -2.00  13.50  11.50 
S10  79.50  18.50  8.00  0.50  8.50 
Sll  76.50  21.50  9.00  3.00  12.00 
S12  76.50  21.50  10.50  1.50  12.00 
S13  78.50  19.50  4.50  4.50  9.00 
Mean  76.39  21.62  7.89  4.89  12.77 
SD  1.54  1.54  6.55  3.66  5.82 
90%LL  75.68  20.91  4.90  3.22  10.11 
90%UL  77.09  22.32  10.87  6.55  15.42 216 
Table J.6. Time taken between selected events for AS (81) in normalized time. 
SU-CT  CT-IP  LT-UT  UT-CT  LT-CT 
Si  75.00  23.00  5.00  9.50  14.50 
S2  78.00  20.00  33.00  -0.50  32.50 
S3  75.00  23.00  -5.00  11.50  6.50 
S4  75.00  23.00  3.00  4.50  7.50 
S5  75.00  23.00  24.00  1.50  25.50 
S6  76.00  22.00  14.50  0.00  14.50 
S7  75.00  23.00  6.50  1.00  7.50 
S8  75.50  22.50  17.50  3.50  21.00 
S9  75.00  23.00  4.00  9.50  13.50 
S10  79.50  18.50  19.50  -1.50  18.00 
S 11  76.50  21.50  16.00  1.50  17.50 
S12  75.00  23.00  11.00  2.00  13.00 
S13  76.50  21.50  4.50  8.50  13.00 
Mean  75.92  22.08  11.81  3.92  15.73 
SD  1.41  1.41  10.26  4.37  7.40 
90%LL  75.28  21.43  7.13  1.93  12.36 
90%UL  76.57  22.72  16.49  5.92  19.11 217 
Appendix K. Maximum, Minimum, and Range of Absolute Values 
for Linear Displacement Variables Across Subjects 218 
Table K.1. Maximum, minimum, and range of absolute values for linear displacement 
variable-golf ball (medio-lateral). 
O1X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  1.8055  1.5385  1.3923  1.2095  0.9508  0.9420  0.5960  0.5877  0.4502 
SO2  1.6156  1.2402  1.2213  1.0346  0.8230  0.7892  0.5809  0.4172  0.4321 
S03  1.7612  1.5610  1.3751  1.0486  0.9855  0.9312  0.7127  0.5755  0.4439 
SO4  1.6089  1.3797  1.2391  0.9219  0.8434  0.8606  0.6869  0.5363  0.3785 
S05  1.5575  1.3398  1.2983  0.8793  0.7489  0.8885  0.6781  0.5909  0.4098 
S06  1.5868  1.3623  1.1818  1.0085  0.9374  0.7200  0.5783  0.4249  0.4619 
S07  1.5847  1.3547  1.2771  1.0921  0.7613  0.9070  0.4926  0.5934  0.3701 
SO8  1.6245  1.3369  1.1862  0.9399  0.8036  0.6881  0.6846  0.5332  0.4981 
S09  1.5773  1.3764  1.3083  1.0536  0.7744  0.9117  0.5237  0.6019  0.3966 
SIO  1.5019  1.2649  1.1673  0.9879  0.7617  0.7930  0.5140  0.5033  0.3743 
SI 1  1.6256  1.2923  1.2357  1.1029  0.7240  0.7949  0.5227  0.5684  0.4408 
512  1.5253  1.2804  1.2434  0.9270  0.8586  0.8824  0.5983  0.4218  0.3611 
S13  1.6606  1.4649  1.3728  0.8973  0.7645  0.9386  0.7633  0.7004  0.4342 
Mean  1.6181  1.3686  1.2691  1.0079  0.8259  0.8498  0.6102  0.5427  0.4193 
SD  0.0852  0.0993  0.0761  0.0953  0.0849  0.0845  0.0868  0.0831  0.0414 
Table K.2. Maximum, minimum, and range of absolute values for linear displacement  
variable-golf ball (antero-posterior).  
OW  M  Minimum  Range 
31 " m  1W  31  SI 
SOI  1.2846  0.9989  0.8247  1.1973  0.9102  0.7576  0.0873  0.0887  0.0671 
SO2  1.8344  1.4454  1.3726  1.6065  1.2680  1.1560  0.2278  0.1774  0.2166 
503  2.1430  1.6087  1.3532  1.8108  1.3525  1.1310  0.3322  0.2562  0.2222 
504  1.9343  1.3716  1.1502  1.6341  1.1642  0.9936  0.3003  0.2075  0.1566 
S05  1.9624  1.5647  1.1896  1.6197  1.2294  0.9985  0.3427  0.3353  0.1911 
506  2.0940  1.5646  1.4068  1.8393  1.3532  1.1487  0.2548  0.2113  0.2581 
SO7  1.9228  1.7482  1.3260  1.7292  1.4347  1.1543  0.1936  0.3134  0.1717 
SOL  1.7085  1.3520  1.1603  1.4084  1.0782  0.9255  0.3002  0.2738  0.2348 
509  1.7385  1.3619  0.9345  1.5016  1.0555  0.7696  0.2369  0.3064  0.1649 
SlO  1.7038  1.3807  1.1397  1.4632  1.1157  0.9664  0.2405  0.2650  0.1734 
SII  2.1413  1.8750  1.5092  1.8923  1.5602  1.2601  0.2489  0.3148  0.2491 
S12 1.9420  1.3226  1.2123  1.5604  1.1195  1.0489  0.3816  0.2031  0.1634 7137  1.8124  1.5026  1.1234  1.4157  1.1569  0.9297  0.3967  0.3456.  0.1937 
Mean  1.8632  1.4690  1.2079  1.5907  1.2152  1.0184  0.2726  0.2537  0.1894 
0.2303  0.2174  0.1897  0.1973  0.1757  0.1518  0.0832  0.0737  0.0500 219 
Table K.3. Maximum, minimum, and range of absolute values for linear displacement 
variable-golf ball (vertical). 
01Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  0.2255  0.1055  0.1366  0.0665  0.0092  0.0069  0.1589  0.0963  0.1297 
SO2  0.1100  0.1399  0.1386- 0.0115  0.0198  0.0116  0.0986  0.1201  0.1270 
SO3  0.1316  0.0925  0.1523  0.0278  0.0130  0.0199  0.1038  0.0795  0.1324 
SO4  0.1258  0.1313  0.1765  0.0319  0.0173  0.0206  0.0939  0.1140  0.1559 
S05  0.1753  0.0803  0.1982  0.0462  0.0104  0.0107  0.1291  0.0699  0.1875 
S06  0.1949  0.1122  0.1657  0.0534  0.0026  0.0060  0.1416  0.1097  0.1597 
S07  0.1236  0.0856  0.1790  0.0362  0.0042  0.0086  0.0874  0.0813  0.1704 
S08  0.1394  0.0632  0.1501  0.0473  0.0043  0.0069  0.0921  0.0589  0.1432 
SO9  0.0890  0.0679  0.1568  0.0218  0.0133  0.0136  0.0671  0.0545  0.1432 
S10  0.0748  0.0674  0.1650  0.0196  0.0070  0.0052  0.0552  0.0605  0.1598 
SI I  0.1325  0.0702  0.1373  0.0307  0.0104  0.0094  0.1018  0.0598  0.1280 
S12  0.0866  0.1049  0.1605  0.0412,  0.0074  0.0114  0.0454  0.0975  0.1492 
S13  0.1140  0.0802  0.0948  0.0211  0.0197  0.0076  0.0929  0.0605  0.0872 
Mean  0.1325  0.0924  0.1547  0.0350  0.0106  0.0106  0.0975  0.0817  0.1441 
SD  0.0435  0.0248  0.0254  0.0155  0.0057  0.0049  0.0321  0.0234  0.0248 
Table K.4. Maximum, minimum, and range of absolute values for linear displacement 
variable-golf ball (resultant). 
OIR  Maximum 
,  -Minimum  Range 
1W  31  81  1W  31 >  81  1W  31  81 
SO1  2.2168  1.8343  1.6182  1.7168  1.3204  1.2166  0.5001  0.5139  0.4017 
SO2  2.2850  1.7738  1.6817  2.1089  1.6692  1.5894  0.1761  0.1046  0.0923 
SO3  2.5262  2.0654  1.7806  2.3894  1.8888  1.6497  0.1368  0.1766  0.1308 
SO4  2.2934  1.8053  1.5884  2.1465  1.6155  1.4473  0.1469  0.1898  0.1410 
S05  2.2475  1.8184  1.6380  2.1575  1.7364  1.4979  0.0900  0.0820  0.1401 
S06  2.4298  1.9361  1.6481  2.3324  1.8273  1.5865,  0.0974  0.1088  0.0616 
S07  2.3458  1.9732  1.7214  2.2147  1.9086  1.6164  0.1310  0.0646  0.1050 
SO8  2.1505  1.7175  1.5045  1.9550  1.5740  1.3572  0.1956  0.1434  0.1473 
S09  2.1810  1.7345  1.5291  2.0348  1.5681  1.3149  0.1462  0.1664  0.2142 
S 10  2.0969  1.6867  1.5154  1.9709  1.5783  1.3982  0.1260  0.1084  0.1172 
SI I  2.5011  2.0259  1.7649  2.4123  1.9969  1.7087  0.0889  0.0290  0.0562 
S12  2.1825  1.7156  1.6269  2.1401  1.5804  1.5080  0.0423  0.1353  0.1189 
S13  2.1823  1.8668  1.6705  2.0255  1.6878  1.4670  0.1567  0.1790  0.2035 
Mean  2.2799  1.8426  1.6375  2.1234  1.6886  1.4891  0.1565  0.1540  0.1484 
SD  0.1356  0.1239  0.0886  0.1921  0.1821  0.1422  0.1109  0.1183  0.0889 220 
81 
Table K.5. Maximum, minimum, and range of absolute values for linear displacement 
variable-head (medio-lateral). 
02X  Maximum  Minimum  Range 
1W 31  81 1W  31  81  I W  31 
SOl  1.4582  1.3607  1.2820  1.3276  1.2656  1.1911  0.1306  0.0951  0.0910 
SO2  1.3563  1.2016  1.1461  1.2031  1.0784  1.0049  0.1532  0.1232  0.1412 
S03  1.5751  1.4649  1.3257  1.3919  1.3528  1.2518  0.1833  0.1121  0.0739 
SO4  1.4498  1.3340  1.2769  1.3967  1.2942  1.2241  0.0531  0.0398  0.0528 
S05  1.3198  1.2884  1.2249,  1.2747  1.1688  1.1349  0.0452  0.1196  0.0900 
SO6  1.3301  1.2345  1.1547  1.1783  1.1606  1.0996  0.1518  0.0739  0.0551 
S07  1.4245  1.2906  1.2563  1.2893  1.2030  1.1788  0.1351  0.0876  0.0775 
S08  1.3947  1.2575  1.1747  1.2775  1.1497  1.1091  0.1172  0.1078  0.0656 
S09  1.5233  1.3705  1.3039  1.4617  1.3113  1.2617  0.0616  0.0592  0.0422 
SI 0  1.4213  1.2693  1.1510  1.3179  1.1694  1.0706  0.1034  0.0999  0.0804 
Si 1  1.5499  1.3776  1.3305  1.4866  1.3204  1.2736  0.0632  0.0572  0.0569 
S12  1.4968  1.2938  1.1800  1.4326  1.1947  1.1100  0.0642  0.0991  0.0700 
S13  1.4903  1.3885  1.3225  1.3409  1.3141  1.2388  0.1494  0.0745  0.0837 
Mean  1.4454  1.3178  1.2407  1.3368  1.2295  1.1653  0.1086  0.0884  0.0754 
SD  0.0813  0.0729  0.0718  0.0944  0.0846  0.0838  0.0463  0.0258  0.0248 
Table K.6. Maximum, minimum, and range of absolute values for linear displacement 
variable-head (antero-posterior). 
02Y  Maximum  Minimum  Range 
IW 3I  81 IW  31  81  1W  31 8t 
SOl  0.8044  0.6779  0.6133  0.7879  0.6386  0.5874  0.0165  0.0392  0.0259 
SO2  1.0077  0.9354  0.8862  0.9153  0.8497  0.8315  0.0925  0.0857  0.0548 
S03  1.1210  0.9117  0.8501  1.0791  0.8190  0.7488  0.0419  0.0927  0.1014 
SO4  1.0663  0.8348  0.7637  0.9534  0.7551  0.6827  0.1129  0.0797  0.0810 
SO5  1.0471  0.8643  0.7708  0.9787  0.8201  0.7009  0.0684  0.0442  0.0698 
S06  1.1959  0.9556  0.8438  1.1054  0.8581  0.7418  0.0905  0.0975  0.1020 
S07  1.1374  1.0088  0.9253  1.0843  0.9478  0.8367  0.0531  0.0610  0.0886 
SO8  0.8532  0.7077  0.7094  0.7564  0.6358  0.6071  0.0967  0.0719  0.1023 
S09  0.8495  0.6539  0.5964  0.8098  0.6313  0.5467  0.0397  0.0226  0.0497 
S 10  0.7952  0.6574  0.6517  0.7682  0.6381  0.6218  0.0270  0.0193  0.0299 
S11  1.1898  1.0417  0.9024  1.0742  0.9371  0.7968  0.1156  0.1046  0.1056 
S12  0.9579  0.7555  0.7123  0.8658  0.6715  0.6553  0.0922  0.0841  0.0570 
S13  0.7830  0.7082  0.6555  0.7219  0.6412  0.6020  0.0611  0.0669  0.0534 
Mean  0.9853  0.8241  0.7601  0.9154  0.7572  0.6892  0.0698  0.0669  0.0709 
SD  0.1541  0.1386  0.1135  0.1403  0.1207  0.0961  0.0327  0.0280  0.0280 221 
Table K.7. Maximum, minimum, and range of absolute values for linear displacement 
variable-head (vertical). 
02Z  Maximum  Minimum  Range  
1W  31  81 1W   31  81 1W  31  81 
SO1  1.6260  1.5564  1.5242  1.6126  1.5267  1.4997  0.0134  0.0296  0.0245 
SO2  1.4473  1.4121  1.3729  1.3917  1.3612  1.3172  0.0556  0.0509  0.0556 
S03  1.5425  1.4811  1.4707  1.4960  1.4740  1.4485  0.0466  0.0071  0.0222 
SO4  1.5323  1.5119  1.4389  1.4874  1.4374  1.3867  0.0449  0.0745  0.0522 
S05  1.5930  1.5355  1.4914  1.5266  1.4662  1.4099  0.0663  0.0693  0.0815 
S06  1.5466  1.5012  1.4762  1.4954  1.4218  1.3769  0.0512  0.0794  0.0994 
S07  1.6565  1.5926  1.5469  1.5387  1.5093  1.5131  0.1178  0.0833  0.0338 
S08  1.5330  1.4513  1.4189  1.4883  1.4280  1.3970  0.0448  0.0233  0.0219 
S09  1.5946  1.5441  1.5388  1.5756  1.5276  1.4746  0.0191  0.0166  0.0643 
SIO  1.4609  1.4212  1.4059  1.4288  1.3923  1.3634  0.0321  0.0289  0.0424 
S I I  1.4505  1.4157  1.3805  1.3962  1.3473  1.3280  0.0543  0.0684  0.0525 
S12  1.5483  1.4940  1.4414  1.4862  1.4622  1.4205  0.0621  0.0319  0.0209 
S13  1.6064  1.5984  1.5574  1.5238  1.5294  1.4774  0.0825  0.0690  0.0800 
Mean  1.5491  1.5012  1.4665  1.4959  1.4526  1.4164  0.0531  0.0486  0.0501 
SD  0.0666  0.0636  0.0629  0.0639  0.0618  0.0631  0.0269  0.0266  0.0257 
Table K.8. Maximum, minimum, and range of absolute values for linear displacement 
variable-head (resultant). 
02R  Maximum  Minimum  Range 
1W  31  81 1W  31  81 I W 31  81 
SO I  2.3182  2.1629  2.0754  2.2416  2.0885  2.0139  0.0765  0.0744  0.0614 
SO2  2.1882  2.0329  1.9720  2.1001  1.9702  1.8823  0.0881  0.0627  0.0897 
S03  2.4733  2.2729  2.1523  2.3208  2.1734  2.0570  0.1525  0.0995  0.0954 
SO4  2.3348  2.1398  2.0339  2.2819  2.1081  2.0188  0.0529  0.0317  0.0151 
505  2.2684  2.1445  2.0413  2.2465  2.0726  1.9700  0.0219  0.0719  0.0714 
S06  2.3314  2.1164  2.0072  2.2430  2.0821  1.9711  0.0885  0.0343  0.0361 
S07  2.4540,  2.2702  2.1742  2.3014  2.1758  2.1099  0.1526  0.0944  0.0644 
S08  2.2174  2.0321  1.9656  2.1277  1.9661  1.9049  0.0897  0.0660  0.0607 
S09  2.3560  2.1544  2.0702  2.3094  2.1219  2.0349  0.0466  0.0326  0.0353 
SIO  2.1678  1.9959  1.9087  2.1069  1.9420  1.8590  0.0609  0.0539  0.0497 
S I 1  2.3785  2.1808  2.0695  2.3379  2.1470  2.0404  0.0406  0.0338  0.0291 
S12  2.3294  2.0899  1.9786  2.2435  2.0074  1.9198  0.0859  0.0825  0.0588 
S 13  2.3116  2.2085  2.1212  2.1726  2.1375  2.0490  0.1390  0.0710  0.0722 
Mean  2.3176  2.1386  2.0439  2.2333  2.0764  1.9870  0.0843  0.0622  0.0569 
SD  0.0914  0.0860  0.0776  0.0818  0.0804  0.0763  0.0420  0.0235  0.0234 222 
Table K.9. Maximum, minimum, and range of absolute values for linear displacement 
variable-neck (medio-lateral). 
03X  Maximum  Minimum  Range 
1W  31  81 1W 31  81 1W  31  81 
SO1  1.5027  1.3846  1.3364  1.3793  1.2516  1.2683  0.1234  0.1330  0.0681 
SO2  1.4212  1.2479  1.2029  1.2537  1.0999  1.0526  0.1675  0.1480  0.1504 
S03  1.5755  1.4503  1.3307  1.4844  1.3746  1.3092  0.0911  0.0756  0.0214 
SO4  1.4568  1.3435  1.2642  1.3856  1.2981  1.2147  0.0712  0.0454  0.0495 
SOS  1.4440  1.3221  1.2701  1.3223  1.2169  1.1623  0.1217  0.1053  0.1078 
SO6  1.3936  1.3008  1.2292  1.2192  1.1763  1.1234  0.1745  0.1245  0.1058 
SO7  1.4769  1.3463  1.3373  1.3499  1.2378  1.2342  0.1270  0.1085  0.1031 
SO8  1.4354  1.3191  1.2059  1.3295  1.2005  1.1375  0.1059  0.1186  0.0684 
S09  1.5463  1.3623  1.2909  1.4773  1.2917  1.2267  0.0689  0.0706  0.0643 
510  1.4465  1.3152  1.1685  1.3360  1.1893  1.0843  0.1105  0.1259  0.0843 
511  1.6080  1.4223  1.3372  1.5171  1.3259  1.2688  0.0909  0.0963  0.0685 
512  1.5526  1.3350  1.2075  1.4790  1.2746  1.1547  0.0737  0.0603  0.0528 
S13  1.5287  1.4158  1.3142  1.4412  1.3377  1.2466  0.0874  0.0782  0.0676 
1.4914  1.3512  1.2689  1.3827  1.2519  1.1910  0.1087  0.0993  0.0778 
SD  0.0660  0.0555  0.0606  0.0927  0.0758  0.0780  0.0339  0.0311  0.0326 
Table K.10. Maximum, minimum, and range of absolute values for linear displacement 
variable-neck (antero-posterior). 
03Y  Maximum  Minimum  Range 
1W  31  81  31 81 1W 31 
SOl  0.6706  0.5594  0.4832  0.6307  0.5148  0.4461  0.0399  0.0446  0.0371 
SO2  0.8711  0.7856  0.7320  0.8289  0.7545  0.6999  0.0422  0.0311  0.0321 
503  1.0087  0.7851  0.7161  0.9692  0.7301  0.6320  0.0395  0.0551  0.0842 
SO4  0.9532  0.7166  0.6499  0.8772  0.6330  0.6034  0.0760  0.0836  0.0465 
SOS  0.9619  0.7674  0.6339  0.8629  0.6984  0.5960  0.0990  0.0691  0.0379 
506  1.1022  0.8399  0.7373  0.9809  0.7420  0.6420  0.1213  0.0979  0.0953 
S07  1.0269  0.9049  0.7660  0.9801  0.8508  0.7032  0.0468  0.0541  0.0628 
SO8  0.7409  0.6115  0.5904  0.6437  0.5185  0.5025  0.0972  0.0929  0.0880 
509  0.7595  0.5569  0.4399  0.7075  0.4933  0.3848  0.0519  0.0636  0.0552 
510  0.7006  0.5576  0.5288  0.6685  0.5172  0.5069  0.0321  0.0403  0.0220 
S11  1.0985  0.9549  0.8069  0.9834  0.8532  0.7388  0.1150  0.1016  0.0681 
S12  0.8546  0.6457  0.6087  0.7884  0.5709  0.5511  0.0663  0.0748  0.0576 
S13  0.6631  0.5870  0.5457  0.6076  0.5366  0.5076  0.0555  0.0505  0.0381 
Mean  0.8778  0.7133  0.6338  0.8099  0.6472  0.5780  0.0679  0.0661  0.0558 
SD  0.1594  0.1378  0.1141  0.1452  0.1313  0.1063  0.0308  0.0228  0.0231 223 
Table K.11. Maximum, minimum, and range of absolute values for linear displacement 
variable-neck (vertical). 
03Z  Maximum  Minimum	  Range  
1W  31  81  11V'  31  81  1W.  31  81 
1.5001  1.4336  1.4100  1.4789  1.4057  1.3779  0.0211  0.0279  0.0320 
SO2  1.2759  1.2443  1.2293  1.1982  1.2014  1.2086  0.0778  0.0429  0.0207 
S03  1.4097  1.3879  1.3856  1.3464  1.3301  1.3218  0.0633  0.0577  0.0638 
804  1.4130  1.3743  1.3250  1.3828  1.3375  1.3024  0.0303  0.0368  0.0226 
805  1.4348  1.3928  1.3665  1.3695  1.3495  1.2917  0.0653  0.0434  0.0748 
S06  1.4036  1.3316  1.3176  1.3611  1.2910  1.2774  0.0424  0.0405  0.0402 
SO7  1.4808  1.4507  1.3672  1.3311  1.3073  1.3125  0.1496  0.1433  0.0548 
SO8  1.3964  1.3292  1.3157  1.3594  1.2825  1.2535  0.0370  0.0467  0.0622 
809  1.4325  1.3830  1.3415  1.4021  1.3328  1.3060  0.0304  0.0502  0.0355 
810  1.3143  1.3022  1.2811  1.2684  1.2639  1.2242  0.0459  0.0383  0.0569 
811  1.2930  1.2729  1.2684  1.2588  1.2274  1.2204  0.0342  0.0455  0.0480 
812._  1.4488  1.3600  1.3331  1.3651  1.2924  1.2865  0.0837  0.0676  0.0466 
S 3  1.4492  1.4291  1.4102  1.3636  1.3454  1.3723  0.0856  0.0837  0.0379 
Mean  1.4040  1.3609  1.3347  1.3450  1.3052  1.2889  0.0590  0.0557  0.0458 
0.0694  0.0626  0.0542  0.0704  0.0544  0.0530  0.0348  0.0300  0.0163 
SO1  
Table K.12. Maximum, minimum, and range of absolute values for linear displacement 
variable-neck (resultant). 
SOL,-	 2.2190  2.0641  1.9762  2.1248  1.9635  1.9269  0.0943  0.1006  0.0492 
2.0712  1.8915  1.8450  1.9791  1.8288  1.7647  0.0921  0.0627  0.0803  
803  2.3424  2.1554  2.0502  2.2516  2.0718  1.9705  0.0908  0.0837  0.0797  
804,  2.2318  2.0292  1.9331  2.1754  1.9873  1.8992  0.0565  0.0419  0.0339  
2.1771  2.0350  1.9304  2.1310  1.9602  1.8670  0.0461  0.0748  0.0635 
806;4  2.2193  1.9992  1.9129  2.1181  1.9331  1.8424  0.1012  0.0661  0.0705 
SO7	  2.3217  2.1639  2.0377  2.1710  2.0324  1.9598  0.1508  0.1315  0.0778  
2.1179  1.9465  1.8750  2.0396  1.8567  1.7958  0.0784  0.0898  0.0792  
2.2234  2.0196  1.8995  2.1726  1.9416  1.8625  0.0508  0.0780  0.0371  
810	  2.0576  1.9019  1.7753  1.9860  1.8280  1.7554  0.0716  0.0738  0.0200 
Sil	  2.2828  2.0726  1.9692  2.2494  2.0415  1.9375  0.0335  0.0311  0.0317  
2.2447  1.9902  1.8832  2.1805  1.9338  1.8300  0.0642  0.0564  0.0532  
2.2083  2.0950  2.0024  2.0791  1.9915  1.9434  0.1292  0.1035  0.0590  
2.2090  2.0280  1.9300  2.1275  1.9516  1.8735  0.0815  0.0765  0.0565  
0.0863  0.0847  0.0777  0.0873  0.0776  0.0732  0.0334  0.0267  0.0209  
,  224 
Table K.13. Maximum, minimum, and range of absolute values for linear displacement 
variable-right shoulder (medio-lateral). 
04X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W 31  81 
SO1  1.4748  1.3344  1.2447  1.2465  1.1409  1.0682  0.2283  0.1936  0.1764 
802  1.3480  1.2078  1.1592  1.1675  0.9831  0.9413  0.1806  0.2247  0.2179 
S03  1.5203  1.3360  1.2405  1.3467  1.2230  1.1252  0.1735  0.1129  0.1154 
SO4  1.3621  1.2591  1.1846  1.2265  1.1007  1.0338  0.1356  0.1584  0.1507 
SO5  1.4299  1.2923  1.2302  1.1884  1.0686  1.0046  0.2415  0.2237  0.2257 
SO6  1.3414  1.1997  1.1256  1.1075  1.0247  0.9420  0.2340  0.1751  0.1836 
SO7  1.4310  1.3034  1.2398  1.2584  1.1266  1.0770  0.1726  0.1768  0.1628 
S08  1.4352  1.2922  1.1559  1.1965  1.0535  0.9695  0.2387  0.2387  0.1864 
S09  1.4694  1.3064  1.1824  1.2933  1.1467  1.0426  0.1760  0.1598  0.1398 
SlO  1.4321  1.2751  1.1052  1.1678  1.0006,  0.9011  0.2643  0.2745  0.2041 
S 11  1.6121  1.4520  1.3252  1.3368  1.1519  1.1005  0.2752  0.3001  0.2247 
S12  1.5855  1.3134  1.1677  1.3035  1.0795  0.9970  0.2819  0.2339  0.1707 
S13  1.4761  1.3495  1.1543  1.3005  1.1720  1.0754  0.1756  0.1775  0.0789 
1.4552  1.3016  1.1935  1.2415  1.0978  1.0214  0.2137  0.2038  0.1721 
SD  0.0827  0.0640  0.0599  0.0733  0.0709  0.0687  0.0469  0.0515  0.0434 
Mean 
Table K.14. Maximum, minimum, and range of absolute values for linear displacement 
variable-right shoulder (antero-posterior). 
04Y  Maximum  Minimum  Range 
1W  31  81 1W 31  81  I W 31  81 
SO1  0.6291  0.5129  0.4133  0.4116  0.2804  0.2276  0.2175  0.2325  0.1857 
SO2  0.8139  0.6820_  0.6291  0.6235  0.5428  0.4860  0.1903  0.1393  0.1431 
SO3  0.9743  0.7286  0.6237  0.7478  0.5206  0.4297  0.2265  0.2081  0.1940 
SO4  0.9025  0.6180  0.5260  0.6691  0.4493  0.3820  0.2333  0.1687  0.1440 
S05  0.8430  0.7069  0.5328  0.6419  0.4868  0.3677  0.2011  0.2201  0.1651 
SO6  1.0163  0.7470  0.6420  0.8190  0.5952  0.4913  0.1972  0.1518  0.1507 
S07  1.0215  0.8449  0.6800  0.7849  0.6410  0.5082  0.2366  0.2039  0.1717 
SOS  0.6977  0.5407  0.5302  0.4806  0.3217  0.3036  0.2171  0.2190  0.2266 
S09  0.7271  0.4889  0.3846  0.5274  0.2940  0.2040  0.1997  0.1949  0.1805 
S 10  0.7104  0.5304  0.5224  0.4777  0.3180  0.2998  0.2327  0.2124  0.2226 
S11  1.0203  0.8603  0.7020  0.7919  0.6448  0.5302  0.2284  0.2156  0.1718 
S 12  0.8070  0.6187  0.5193  0.5997  0.4313  0.3671  0.2073  0.1873  0.1522 
S13  0.6240  0.5426  0.5015  0.3932  0.2950  0.3130  0.2308  0.2477  0.1885 
Mean  0.8298  0.6478  0.5544  0.6130  0.4477  0.3777  0.2168  0.2001  0.1767 
SD  0.1471_  0.1247  0.0963  0.1468  0.1359  0.1066_  0.0160  0.0313  0.0271 225 
Table K.15. Maximum, minimum, and range of absolute values for linear displacement 
variable-right shoulder (vertical). 
04Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.5485  1.4862  1.4518  1.2159  1.1473  1.1282  0.3326  0.3389  0.3236 
SO2  1.2674  1.2866  1.2859  1.0666  1.0751  1.0647  0.2008  0.2115  0.2212 
S03  1.4080  1.3931  1.3926  1.1540  1.1482  1.1245  0.2540  0.2449  0.2681 
SO4  1.4152  1.4000  1.3820  1.2006  1.1860  1.1615  0.2146  0.2140  0.2205 
SO5  1.4004  1.3945  1.3820  1.1796  1.1635  1.1317  0.2208  0.2310  0.2503 
S06  1.3635  1.3284  1.3372  1.2110  1.1656  1.1465  0.1525  0.1628  0.1906 
S07  1.4622  1.4242  1.4233  1.2451  1.2261  1.2277  0.2171  0.1982  0.1956 
S08  1.3891  1.3425  1.3136  1.1672  1.1365  1.0938  0.2219  0.2060  0.2198 
S09  1.4449  1.4278  1.4437  1.2423  1.1961  1.2219  0.2026  0.2317  0.2218 
SIO  1.3105  1.2904  1.3048  1.0864  1.0879  1.1011  0.2241  0.2025  0.2037 
SII  1.2781  1.2743  1.2718  1.1202  1.0925  1.0746  0.1579  0.1818  0.1972 
S12  1.4143  1.3710  1.3486  1.2004  1.1384  1.1301  0.2139  0.2326  0.2185 
S13  1.4398  1.4515  1.4244  1.1135  1.1310  1.1244  0.3264  0.3205  0.3000 
Mean  1.3955  1.3746  1.3663  1.1694  1.1457  1.1331  0.2261  0.2289  0.2332 
SD  0.0773  0.0665  0.0607  0.0579  0.0436  0.0489  0.0531  0.0500  0.0412 
Table K.16. Maximum, minimum, and range of absolute values for linear displacement 
variable-right shoulder (resultant). 
04R  Maximum  Minimum  Range 
I W 31  81 1W  31  81  1W 31  81 
SO1  2.1843  2.0206  1.9260  1.9043  1.7321  1.6317  0.2799  0.2885  0.2943 
SO2  1.9408  1.8257  1.7883  1.7860  1.6266  1.5579  0.1548  0.1991  0.2304 
SO3  2.2101  1.9991  1.9183  2.0498  1.8531  1.7248  0.1603  0.1460  0.1935 
SO4  2.0766  1.9365  1.8667  1.9449  1.7487  1.6631  0.1317  0.1879  0.2035 
SOS  2.0867  1.9556  1.8783  1.8931  1.7050  1.6208  0.1936  0.2506  0.2576 
S06  2.0805  1.8906  1.8185  1.9202  1.7339  1.6323  0.1603  0.1567  0.1863 
S07  2.1912  2.0225  1.9488  2.0321  1.8822  1.7815  0.1591  0.1403  0.1674 
SO8  2.0587  1.8998  1.7693  1.8434  1.6649  1.5927  0.2153  0.2349  0.1766 
SO9  2.1252  1.9512  1.8754  1.9579  1.7640  1.6672  0.1673  0.1873  0.2082 
SIO  1.9923  1.8274  1.7240  1.7744  1.5950  1.5193  0.2179  0.2324  0.2048 
S H  2.2056  2.0275  1.9124  2.0150  1.8184  1.7177  0.1906  0.2091  0.1947 
S12  2.2224  1.9275  1.8200  1.9392  1.6948  1.5909  0.2832  0.2327  0.2291  
S13  2.0948  2.0037  1.8617  1.8331  1.7623  1.6688  0.2617  0.2414  0.1929  
Mean  2.1130  1.9452  1.8545  1.9149  1.7370  1.6437  0.1981  0.2082  0.2107  
SD  0.0875  0.0698  0.0669  0.0885  0.0832  0.0716  0.0503  0.0441  0.0348  226 
Table K.17. Maximum, minimum, and range of absolute values for linear displacement 
variable-right elbow (medio-lateral). 
05X  Maximum  Minimum<	  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.5069  1.4319  1.3611  1.1252  1.0527  0.9702  0.3817  0.3792  0.3910 
SO2  1.4251  1.2778  1.2553  1.0690  0.9093  0.8881  0.3561  0.3684  0.3671 
S03  1.5993  1.4897  1.3435  1.2394  1.0927  1.0061  0.3599  0.3970  0.3374 
SO4  1.4481  1.3236  1.2329  1.1310  0.9837  0.9193  0.3170  0.3398  0.3136 
505  1.4236  1.2708  1.1920  1.1237  1.0313  0.9447  0.2999  0.2395  0.2473 
S06  1.3607  1.2472  1.2123  1.1050  1.0009  0.9344  0.2557  0.2463  0.2779 
S07  1.4326  1.2798  1.2324  1.1999  1.0646  1.0084  0.2327  0.2152  0.2241 
508  1.4476  1.2769  1.2296  1.1157  0.9929  0.9034  0.3319  0.2840  0.3262 
809  1.4720  1.3566  1.2783  1.1928  1.0343  0.9241  0.2792  0.3222  0.3542 
510  1.4357  1.2260  1.1510  1.0834  0.8990  0.7991  0.3523  0.3270  0.3519 
S11  1.5747  1.3727  1.3711  1.2403  1.0480  0.9951  0.3343  0.3246  0.3760 
512  1.5367  1.2625  1.2445  1.2329  0.9875  0.8975  0.3038  0.2751  0.3470 
,  S13  1.5158  1.4529  1.2555  1.0859  0.9760  0.8515  0.4299  0.4769  0.4040 
Mean  1.4753  1.3283  1.2584  1.1496  1.0056  0.9263  0.3257  0.3227  0.3321 
0.0676  0.0853  0.0654  0.0628  0.0571  0.0611  0.0531  0.0724  0.0541 
Table K.18. Maximum, minimum, and range of absolute values for linear displacement 
variable-right elbow (antero-posterior). 
05Y  Maximum.,  Minimum,	  Range 
31  81 1W  3 
SO1  0.6444  0.4426  0.3440  0.2386  0.1064  0.0587  0.4058  0.3362  0.2852 
SO2  0.8067  0.6690  0.5869  0.4537  0.3851  0.3160  0.3530  0.2839  0.2709 
SO3  0.9675  0.6937  0.5714  0.5307  0.3323  0.2581  0.4368  0.3614  0.3133 
SO4  0.9450  0.6175  0.5130  0.5061  0.2897  0.2126  0.4389  0.3279  0.3004 
SO5  0.8388  0.6129  0.4957  0.4657  0.2965  0.1993  0.3732  0.3165  0.2964 
S06  1.0561  0.7262  0.5772  0.6561  0.3989  0.2772  0.4000  0.3273  0.3000 
SO7  0.9700  0.8041  0.6613  0.5339  0.3978  0.3139  0.4362  0.4063  0.3474 
S08  0.6818  0.5112  0.4643  0.3548  0.2190  0.2019  0.3271  0.2922  0.2623 
S09  0.7647  0.5129  0.3336  0.3159  0.1407  0.0592  0.4488  0.3722  0.2744 
510  0.6968  0.5051  0.4495  0.3339  0.2048  0.1712  0.3629  0.3003  0.2783 
S 1 1  1.1136  0.9017  0.6982  0.6340  0.4710  0.3553  0.4797  0.4307  0.3429 
S12  0.9056  0.6337  0.5664  0.4429  0.2904  0.2200  0.4627  0.3433  0.3464 
St3  0.6504  0.5375  0.4842  0.2293  0.2030  0.2086  0.4210  0.3345  0.2756 
Mean	  0.8494  0.6283  0.5189  0.4381  0.2874  0.2194  0.4112  0.3410  0.2995 
0.1569  0.1312  0.1080  0.1370  0.1091  0.0896  0.0459  0.0429  0.0298 227 
Table K.19. Maximum, minimum, and range of absolute values for linear displacement 
variable-right elbow (vertical). 
05Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  1.5924  1.5081  1.4356  0.9904  0.9369  0.8833  0.6020  0.5712  0.5522 
SO2  1.2866  1.3353  1.3139  0.8281  0.8306  0.8156  0.4585  0.5047  0.4983 
S03  1.3763  1.3419  1.3303  0.8963  0.8767  0.8774  0.4800  0.4652  0.4528 
SO4  1.3261  1.2979  1.2897  0.9224  0.8925  0.8800  0.4037  0.4054  0.4097 
SO5  1.4113  1.3813  1.3764  0.9547  0.9085  0.8879  0.4565  0.4728  0.4886 
S06  1.3105  1.2676  1.2527  0.9364  0.8605  0.8569  0.3741  0.4071  0.3958 
S07  1.3848  1.3129  1.3150  0.9783  0.9204  0.9155  0.4065  0.3925  0.3995 
508  1.4071  1.3488  1.2965  0.9537  0.8731  0.8747  0.4534  0.4757  0.4217 
S09  1.4072  1.3911  1.3947  0.9671  0.9238  0.9129  0.4402  0.4674  0.4818 
SIO  1.3048  1.2902  1.2742  0.8639  0.8236  0.8127  0.4409  0.4666  0.4616 
S11  1.2660  1.2844  1.2880  0.8591  0.8223  0.8084  0.4069  0.4622  0.4796 
S12  1.4288  1.3881  1.3099  0.9287  0.8848  0.8501  0.5001  0.5033  0.4598 
S13  1.4783  1.4905  1.4116_  0.8710  0.8714  0.8757  0.6073  0.6191  0.5360 
Mean  1.3831  1.3568  1.3299  0.9192  0.8789  0.8655  0.4639  0.4779  0.4644 
SD  0.0888  0.0749  0.0567  0.0513_  0.0379  0.0353_  0.0711  0.0634  0.0492 
Table K.20. Maximum, minimum, and range of absolute values for linear displacement 
variable-right elbow (resultant). 
05R  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  2.0150  1.8675  1.7388  1.6977  1.5521  1.4926  0.3173  0.3154  0.2463 
S02  1.8523  1.7583  1.7164  1.5951  1.4320  1.3697  0.2572  0.3263  0.3467 
S03  2.0545  1.8636  1.6974  1.8009  1.6257  1.5272  0.2536  0.2379  0.1702 
SO4  1.9972  1.7329  1.6377  1.7167  1.5162  1.4375  0.2805  0.2167  0.2002 
SO5  1.9266  1.8195  1.7295  1.7099  1.5423  1.4462  0.2167  0.2773  0.2833 
S06  2.0015  1.7103  1.6140  1.7145  1.5096  1.4168  0.2870  0.2007  0.1971 
S07  1.9690  1.7685  1.7016  1.7907  1.6075  1.5515  0.1783  0.1610  0.1501 
S08  1.9077  1.7417  1.6430  1.6546  1.4840  1.4049  0.2531  0.2577  0.2381 
S09  1.9685  1.8048  1.7181  1.7163  1.5045  1.4168  0.2522  0.3002  0.3013 
SIO  1.8190  1.6359  1.5612  1.5747  1.4077  1.3184  0.2443  0.2282  0.2428 
SI I  2.1175  1.8631  1.7483  1.8207  1.6083  1.4985  0.2968  0.2547  0.2498 
S12  2.0885  1.7723  1.6793  1.7648  1.5106  1.4064  0.3237  0.2617  0.2729 
S13  1.9487  1.8219  1.6931  1.6371  1.5613  1.4499  0.3117  0.2606  0.2432 
Mean  1.9743  1.7816  1.6830  1.7072  1.5278  1.4413  0.2671  0.2537  0.2417 
SD  0.0863  0.0680  0.0546  0.0764  0.0653  0.0642  0.0416  0.0462  0.0537 228 
Table K.21. Maximum, minimum, and range of absolute values for linear displacement 
variable-right wrist (medio-lateral). 
06X  Maximum  Minimum  Range 
1W> 31  81 1W  31 8I 1W  31  81 
501  1.7718  1.6577  1.5311  0.9067  0.8011  0.7339  0.8651  0.8566  0.7972 
502  1.6770  1.4298  1.4135  0.8265  0.6842  0.6779  0.8505  0.7455  0.7356 
503  1.8924  1.6880  1.5565  0.9608  0.8251  0.7317  0.9316  0.8630  0.8248 
504  1.6692  1.4868  1.4165  0.8875  0.7810  0.7075  0.7817  0.7058  0.7089 
505  1.6558  1.5231  1.4788  0.9149  0.7896  0.7173  0.7409  0.7336  0.7614 
S06  1.6407  1.4244  1.3504  0.9006  0.7965  0.7281  0.7401  0.6279  0.6222 
5117  1.6313  1.4576  1.3873  0.8976  0.7928  0.7441  0.7337  0.6648  0.6431 
508  1.6983  1.4814  1.4028  0.8881  0.7457  0.6652  0.8102  0.7357  0.7376 
SO9  1.6590  1.5365  1.4141  0.9411  0.8032  0.7113  0.7179  0.7334  0.7028 
S 0  1.6301  1.4645  1.3191  0.8209  0.6731  0.5734  0.8092  0.7914  0.7457 
511  1.6885  1.4301  1.3734  1.0195  0.8203  0.7610  0.6690  0.6097  0.6124 
512  1.6631  1.3436  1.2872  0.9483  0.7516  0.6793  0.7147  0.5920  0.6078 
513  1.7526  1.6009  1.4881  0.8104  0.6713  0.5910  0.9422  0.9296  0.8971 
Mean  1.6946  1.5019  1.4168  0.9018  0.7643  0.6940  0.7928  0.7376  0.7228 
SD,  0.0732  0.0982  0.0792  0.0593  0.0550  0.0568  0.0851  0.1023  0.0872 1 
Table K.22. Maximum, minimum, and range of absolute values for linear displacement 
variable-right wrist (antero-posterior). 
06Y  Range 
31  8I 
501  0.7455  0.5244  0.4249  0.2873  0.1995  0.1573  0.4582  0.3249  0.2676 
S02  0.9646  0.8134  0.7299  0.5618  0.4872  0.4129  0.4027  0.3261  0.3169 
SO3  1.0534  0.8070  0.6736  0.6225  0.4562  0.3972  0.4309  0.3508  0.2764 
SO4  0.9937  0.6913  0.5315  0.5838  0.4010  0.3325  0.4099  0.2903  0.1990 
0.9546  0.7262  0.5799  0.5303  0.3851  0.2859  0.4242  0.3411  0.2940 
S06  1.1538  0.8651  0.7173  0.7229  0.5273  0.4408  0.4309  0.3378  0.2765 
S07  1.0166  0.8819  0.7337  0.5678  0.4570  0.3829  0.4488  0.4249  0.3508 
0:  0.7569  0.5955  0.4956  0.4318  0.3091  0.3023  0.3251  0.2864  0.1933 
S09,  0.8877  0.5329  0.4402  0.4436  0.2568  0.2240  0.4441  0.2761  0.2163 
S10'  0.8132  0.6112  0.5228  0.4251  0.2949  0.2749  0.3881  0.3163  0.2480 
511  1.1896  0.9989  0.7963  0.6626  0.5252  0.4113  0.5270  0.4737  0.3850 
SI  0.9554  0.7417  0.6534  0.5551  0.4272  0.3663  0.4003  0.3145  0.2871 
SI  0.7654  0.6246  0.5493  0.3637  0.3358  0.3364  0.4017  0.2887  0.2129 
0.9423  0.7242  0.6037  0.5199  0.3894  0.3327  0.4225  0.3348  0.2711 
0.1447  0.1450  0.1210  0.1234  0.1039  0.0822  0.0462  0.0567  0.0581 229 
Table K.23. Maximum, minimum, and range of absolute values for linear displacement 
variable-right wrist (vertical). 
06Z  Maximum  Minimum  Range 
IW  31  81 1W  31  81 IW 31  81 
SOl  1.8288  1.7376  1.6708  0.7543  0.7008  0.6687  1.0745  1.0367  1.0021 
SO2  1.5030  1.5256  1.4933  0.6110  0.6114  0.6033  0.8919  0.9142  0.8900 
S03  1.5609  1.5396  1.5244  0.6963  0.6260  0.6268  0.8646  0.9136  0.8976 
SO4  1.5835  1.5267  1.4812_  0.6951  0.6502  0.6386  0.8884  0.8765  0.8426 
SO5  1.6401  1.6360  1.6015  0.6975  0.6634  0.6340  0.9425  0.9726  0.9675 
S06  1.5185  1.4791  1.4565  0.6624  0.6072  0.5914  0.8560  0.8719  0.8650 
SO7  1.6247  1.5830  1.5778  0.7424  0.6696  0.6528  0.8823  0.9134  0.9250 
SO8  1.6124  1.5539  1.4645  0.7350  0.6707  0.6507  0.8773  0.8831  0.8139 
SO9  1.6546  1.6210  1.5978  0.7272  0.7023  0.6892  0.9274  0.9187  0.9086 
SIO  1.5349  1.5160  1.5041  0.6670  0.6176  0.6143  0.8679  0.8985  0.8898 
S11  1.4954  1.5174  1.5104  0.6549  0.6012  0.6068  0.8405  0.9162  0.9036 
S12  1.6255  1.5891  1.5082  0.7335  0.6745  0.6251  0.8920  0.9146  0.8831 
S13  1.7413  1.7320  1.6953  0.7137  0.6985  0.6556  1.0276  1.0335  1.0396 
Mean  1.6095  1.5813  1.5451  0.6993  0.6533  0.6352  0.9102  0.9280  0.9099 
SD  0.0958  0.0812  0.0770  0.0413  0.0370  0.0279  0.0688  0.0537  0.0622 
Table K.24. Maximum, minimum, and range of absolute values for linear displacement 
variable-right wrist (resultant). 
06R  Maximum  Minimum  Range 
1W  31  81 1W 31  81  1W  31  81 
SO1  2.2473  2.0830  1.9558  1.4481  1.2965  1.2278  0.7991  0.7865  0.7280 
SO2  2.0678  1.9219  1.8758  1.4113  1.2412  1.1853  0.6565  0.6807  0.6905 
S03  2.2627  1.9694  1.8237  1.6027  1.4051  1.2852  0.6600  0.5643  0.5385 
SO4  2.1143  1.8773  1.7844  1.5508  1.3686  1.2579  0.5635  0.5087  0.5265 
SO5  2.1802  2.0692  1.9653  1.5354  1.3491  1.2498  0.6448  0.7201  0.7155 
S06  2.1526  1.8703  1.7715  1.5297  1.3236  1.2187  0.6230  0.5467  0.5529 
S07  2.1008  1.9480  1.8668  1.6178  1.4431  1.3409  0.4830  0.5049  0.5259 
SO8  2.0597  1.8843  1.7191  1.4561  1.2746  1.2096  0.6036  0.6098  0.5095 
S09  2.1570  1.9802  1.8853  1.5335  1.3427  1.2456  0.6235  0.6375  0.6397 
SIO  2.0164  1.8674  1.7686  1.4040  1.2195  1.1440  0.6124  0.6479  0.6245 
S I 1  2.1863  2.0288  1.9519  1.6459  1.4418  1.3062  0.5404  0.5870  0.6457 
S12  2.2719  1.9602  1.8100  1.5887  1.3537  1.2420  0.6832  0.6065  0.5680 
S13  2.1696  2.0863  1.9486  1.4160  1.3301  1.2471  0.7536  0.7563  0.7015 
Mean  2.1528  1.9651  1.8559  1.5185  1.3377  1.2431  0.6344  0.6274  0.6128 
SD  0.0796  0.0810_  0.0831_  0.0835  0.0690  0.0506  0.0834  0.0894  0.0798 230 
Table K.25. Maximum, minimum, and range of absolute values for linear displacement 
variable-right hip (medio-lateral). 
07X  Maximum  Minimum <	  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  1.5049  1.3435  1.2816  1.3223  1.1934  1.1597  0.1826  0.1501  0.1219 
SO2  1.4604  1.2806  1.2130  1.2652  1.0465  1.0604  0.1952  0.2341  0.1526 
S03  1.6941  1.5264  1.3307  1.4971  1.3452  1.2158  0.1969  0.1812  0.1149 
SO4  1.4826  1.3042  1.2523  1.2712  1.1173  1.0661  0.2114  0.1870  0.1862 
SOS  1.4908  1.3750  1.2527  1.3261  1.1908  1.1187  0.1647  0.1842  0.1340 
S06.  1.4149  1.2668  1.1711  1.2290  1.1122  1.0610  0.1858  0.1547  0.1100 
SO7  1.4745  1.3753  1.3329  1.3372  1.2296  1.1623  0.1373  0.1458  0.1707 
S08  1.4882  1.3531  1.2395  1.2862  1.1601  1.0505  0.2020  0.1930  0.1890 
S09  1.5879  1.3664  1.2458  1.3726  1.2086  1.0766  0.2153  0.1578  0.1692 
510  1.4829  1.2922  1.1385  1.2428  1.0918  0.9699  0.2401  0.2004  0.1686 
SlI  1.5864  1.4335  1.3444  1.4448  1.2196  1.1693  0.1417  0.2139  0.1751 
SI2,  1.6028  1.3183  1.2166  1.4187  1.1416  1.1142  0.1841  0.1767  0.1025 
S13  .  1.5391  1.4453  1.3446  1.4136  1.2609  1.1525  0.1256  0.1844  0.1921 
Mean  .	  1.5238  1.3601  1.2587  1.3405  1.1783  1.1059  0.1833  0.1818  0.1528 
0.0752  0.0740  0.0662  0.0836  0.0790  0.0663  0.0332  0.0257  0.0322 
Table K.26. Maximum, minimum, and range of absolute values for linear displacement 
variable-right hip (antero-posterior). 
Minimum	  Range 
81 
SO1  0.4605  0.3139  0.2224  0.2048  0.0884  0.0109  0.2558  0.2255  0.2115 
S02  0.6745  0.5286  0.4805  0.5009  0.3564  0.2934  0.1736  0.1722  0.1871 
S03  0.8189  0.5607  0.4338  0.6296  0.3623  0.2471  0.1893  0.1984  0.1866 
0.7542  0.4664  0.3131  0.5274  0.2791  0.1986  0.2268  0.1873  0.1145 
SI  0.7159  0.5128  0.4166  0.5312  0.3288  0.1907  0.1846  0.1840  0.2259 
0.9120  0.5907  0.4597  0.6838  0.4248  0.2986  0.2281  0.1658  0.1611 
SO7- 0.8137  0.6566  0.4639  0.6576  0.5034  0.3236  0.1561  0.1532  0.1403 
0.5668  0.3992  0.3144  0.3728  0.2047  0.1787  0.1940  0.1946  0.1357 
0.5312  0.3517  0.1811  0.3787  0.1462  0.0115  0.1525  0.2055  0.1696 
SI  0.5906  0.4255  0.3494  0.3879  0.2337  0.1884  0.2026  0.1918  0.1610 
SII  0.9565  0.7109  0.5541  0.7748  0.6165  0.4328  0.1817  0.0944  0.1214 
0.7195  0.4938  0.4360  0.5043  0.2845  0.2339  0.2152  0.2093  0.2020 
513  0.5267  0.3807  0.3355  0.3175  0.2440  0.2036  0.2091  0.1367  0.1319 
Meair  0.6955  0.4917  0.3816  0.4978  0.3133  0.2163  0.1976  0.1784  0.1653 
0.1547  0.1186  0.1069  0.1624  0.1439  0.1154  0.0295  0.0347  0.0357 231 
Table K.27. Maximum, minimum, and range of absolute values for linear displacement 
variable-right hip (vertical). 
07Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  0.9403  0.8999  0.8558  0.8522  0.8148  0.7904  0.0882  0.0851  0.0653 
SO2  0.7684  0.7968  0.7618  0.7225  0.7469  0.7318  0.0459  0.0499  0.0300 
S03  0.8357  0.8170  0.8205  0.7870  0.7763  0.8023  0.0487  0.0407  0.0182 
SO4  0.8639  0.8189  0.8212  0.8095  0.7765  0.7903  0.0544  0.0424  0.0309 
SO5  0.8427  0.8278  0.8140  0.8020  0.7784  0.7631  0.0407  0.0494  0.0509 
SO6  0.8355  0.7962  0.8037  0.7760  0.7499  0.7716  0.0596  0.0462  0.0322 
S07  0.8647  0.8400  0.8405  0.7810  0.7704  0.7506  0.0837  0.0697  0.0899 
S08  0.7784  0.7526  0.7359  0.7431  0.6852  0.7059  0.0353  0.0674  0.0299 
S09  0.8442  0.8150  0.8326  0.7899  0.7484  0.7553  0.0542  0.0666  0.0773 
SIO  0.7505  0.7451  0.7559  0.6833  0.6824  0.7084  0.0672  0.0627  0.0475 
SlI  0.7399  0.7157  0.7327  0.7009  0.6646  0.6838  0.0390  0.0511  0.0489 
S12  0.8240  0.7645  0.7520  0.7448  0.6985  0.7041  0.0792  0.0660  0.0479 
S13  0.8253  0.8183  0.7943  0.7522  0.7712  0.7483  0.0731  0.0471  0.0460 
Mean  0.8241  0.8006  0.7939  0.7649  0.7433  0.7466  0.0592  0.0573  0.0473 
SD  0.0544  0.0476  0.0416  0.0466_  0.0460  0.0376  0.0177  0.0132  0.0204 
Table K.28. Maximum, minimum, and range of absolute values for linear displacement 
variable-right hip (resultant). 
07R  Maximum  Minimum  Range 
1W  31  81 IW  31  81 IW  31  81 
SOI  1.7879  1.6027  1.5221  1.6336  1.4941  1.4373  0.1544  0.1087  0.0848 
SO2  1.7755  1.5747  1.5108  1.5503  1.3515  1.3252  0.2253  0.2232  0.1856 
SO3  2.0497  1.8019  1.6224  1.8280  1.6234  1.4988  0.2216  0.1785  0.1236 
SO4  1.8727  1.5895  1.5186  1.6268  1.4116  1.3606  0.2459  0.1780  0.1580 
SO5  1.8517  1.6612  1.5273  1.6485  1.4718  1.3927  0.2032  0.1894  0.1346 
S06  1.8587  1.5920  1.4882  1.6440  1.4267  1.3601  0.2146  0.1653  0.1281 
S07  1.8832  1.7296  1.6068  1.7244  1.5826  1.4757  0.1588  0.1470  0.1311 
S08  1.7726  1.5761  1.4629  1.5395  1.3821  1.2964  0.2331  0.1940  0.1665 
S09  1.8520  1.6047  1.4681  1.6558  1.4635  1.3567  0.1962  0.1412  0.1114 
SIO  1.7486  1.5245  1.4105  1.5055  1.3324  1.2243  0.2432  0.1921  0.1862 
SII  1.9932  1.7405  1.6084  1.7941  1.5393  1.4434  0.1991  0.2012  0.1651 
S12  1.9101  1.5836  1.4805  1.6967  1.3974  1.3398  0.2134  0.1862  0.1407 
S13  1.7983  1.6828  1.5750  1.6665  1.5195  1.4132  0.1319  0.1633  0.1618 
Mean  1.8580  1.6357  1.5232  1.6549  1.4612  1.3788  0.2031  0.1745  0.1444 
SD  0.0881_  0.0810  0.0642  0.0931  0.0887  0.0758  0.0352  0.0297  0.0295 232 
Table K.29. Maximum, minimum, and range of absolute values for linear displacement 
variable-right knee (medio-lateral). 
08X  Maximum  Minimum=	  Range 
1W 31  81 1W  31  81  1W  31  8 
SO!  1.4585  1.3208  1.2694  1.2709  1.1400  1.1007  0.1876  0.1808  0.1687 
502  1.4074  1.2728  1.2647  1.2116  1.0331  1.0450  0.1958  0.2397  0.2197 
S03  1.6204  1.5009  1.3705  1.4060  1.2703  1.1909  0.2144  0.2306  0.1796 
504  1.4094  1.2760  1.1993  1.2161  1.0930  1.0153  0.1932  0.1830  0.1841 
S05  1.4164  1.3017  1.2366  1.2231  1.0964  1.0516  0.1933  0.2053  0.1850 
506  1.3138  1.2097  1.1660  1.1933  1.0885  1.0378  0.1206  0.1212  0.1281 
SO7  1.4736  1.3513  1.2759  1.2609  1.1609  1.1077  0.2127  0.1904  0.1682 
SO8  1.4709  1.3022  1.2182  1.2409  1.1203  1.0292  0.2299  0.1819  0.1890 
S09  1.4258  1.2747  1.2077  1.2758  1.1438  1.0479  0.1500  0.1309  0.1598 
S10 < <i  1.4510  1.2614  1.1194  1.1901  1.0291  0.9237  0.2608  0.2323  0.1957 
511  1.5459  1.3161  1.2799  1.3494  1.1342  1.1220  0.1964  0.1819  0.1579 
512  1.5454  1.2909  1.2633  1.3508  1.0757  1.0770  0.1946  0.2152  0.1862 
513  1.5038  1.3956  1.2646  1.3489  1.2237  1.1177  0.1550  0.1718  0.1469 
Mean	  1.4648  1.3134  1.2412  1.2721  1.1238  1.0667  0.1926  0.1896  0.1745 
0.0775  0.0720  0.0617  0.0703  0.0684  0.0648_  0.0358  0.0360  0.0234 
Table K.30. Maximum, minimum, and range of absolute values for linear displacement 
variable-right knee (antero-posterior). 
08Y  Maximum  Minimum	  Range 
1W  31  81 1W 31  81 1W  31  81 
SO1  0.4743  0.3627  0.3071  0.2528  0.1749  0.1161  0.2215  0.1878  0.1911 
S02  0.7055  0.5554  0.5086  0.5977  0.4667  0.3938  0.1078  0.0887  0.1148 
S03  0.8942  0.6120  0.5177  0.7569  0.5337  0.4112  0.1373  0.0782  0.1065 
SO4  0.7276  0.4469  0.3768  0.6210  0.3799  0.2837  0.1066  0.0670  0.0932 
505  0.7012  0.5275  0.4313  0.6111  0.4298  0.3093  0.0901  0.0977  0.1220 
506  0.9117  0.6532  0.4740  0.7362  0.5077  0.3524  0.1756  0.1456  0.1216 
507  0.8786  0.7301  0.5446  0.7240  0.5932  0.4276  0.1546  0.1369  0.1170 
S08  0.5972  0.4127  0.3750  0.4607  0.3057  0.2864  0.1365  0.1071  0.0886 
S09  0.5679  0.3907  0.2196  0.4274  0.2252  0.0747  0.1406  0.1655  0.1449 
S10  0.6189  0.4494  0.4171  0.4462  0.3025  0.2594  0.1726  0.1469  0.1577 
S11_  0.9670  0.7669  0.6009  0.8566  0.7184  0.5287  0.1104  0.0485  0.0722 
512  0.7276  0.5115  0.4730  0.5494  0.3727  0.3278  0.1781  0.1388  0.1452 
S13  0.5419  0.4310  0.3906  0.4226  0.3544  0.3222  0.1193  0.0765  0.0684 
Mean	  0.7164  0.5269  0.4336  0.5741  0.4127  0.3149  0.1424  0.1143  0.1187 
0.1566  0.1301  0.1028  0.1692  0.1512  0.1217  0.0371  0.0423  0.0349 233 
Table K.31. Maximum, minimum, and range of absolute values for linear displacement 
variable-right knee (vertical). 
08Z  Maximum  Minimum  Range 
1W 31  81 1W 31  81  I W 31  81 
SOl  0.5389  0.5009  0.4883  0.4904  0.4505  0.4193  0.0484  0.0504  0.0690 
SO2  0.4458  0.4497  0.4423  0.4037  0.4101  0.3713  0.0421  0.0395  0.0710 
S03  0.4863  0.5153  0.4886  0.4477  0.4637  0.4559  0.0387  0.0515  0.0327 
SO4  0.5243  0.5080  0.4931  0.4921  0.4523  0.4460  0.0321  0.0557  0.0471 
SO5  0.4953  0.4854  0.4776  0.4632  0.4517  0.4183  0.0320  0.0337  0.0593 
S06  0.4963  0.4692  0.4525  0.4427  0.4509  0.4042  0.0536  0.0183  0.0483 
S07  0.5257  0.4905  0.4872  0.4798  0.4628  0.4360  0.0459  0.0278  0.0512 
S08  0.4626  0.4200  0.4216  0.4199  0.3891  0.3830  0.0427  0.0310  0.0385 
SO9  0.4898  0.4546  0.4982  0.4495  0.4300  0.4243  0.0402  0.0246  0.0739 
S10  0.4354  0.4129  0.4152  0.3902  0.4007  0.3836  0.0451  0.0122  0.0317 
S 11  0.4381  0.4101  0.4156  0.3927  0.3906  0.3820  0.0454  0.0195  0.0335 
S12  0.4516  0.4292  0.4108  0.3572  0.3827  0.3751  0.0944  0.0465  0.0357 
S13  0.4509  0.4487  0.4482  0.4186  0.4202  0.3991  0.0323  0.0284  0.0490 
Mean  0.4801  0.4611  0.4568  0.4345  0.4273  0.4075  0.0456  0.0338  0.0493 
SD  0.0354  0.0367  0.0335  0.0417  0.0299  0.0281  0.0161  0.0139  0.0150 
Table K.32. Maximum, minimum, and range of absolute values for linear displacement 
variable-right knee (vertical). 
08R  Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SO1  1.6102  1.4417  1.3717  1.4040  1.2618  1.2101  0.2062  0.1799  0.1616 
SO2  1.6362  1.4444  1.4126  1.4253  1.2187  1.1965  0.2109  0.2257  0.2161 
S03  1.9068  1.6855  1.5343  1.6695  1.4699  1.3449  0.2373  0.2156  0.1895 
SO4  1.6637  1.4256  1.3312  1.4682  1.2670  1.1644  0.1955  0.1586  0.1667 
SO5  1.6558  1.4750  1.3746  1.4497  1.2843  1.2007  0.2062  0.1908  0.1740 
S06  1.6553  1.4499  1.3219  1.4851  1.2878  1.1860  0.1702  0.1622  0.1359 
S07  1.7736  1.6044  1.4543  1.5447  1.3943  1.2866  0.2288  0.2101  0.1677 
S08  1.6535  1.4224  1.3305  1.4019  1.2367  1.1488  0.2516  0.1856  0.1818 
S09  1.6110  1.4012  1.2988  1.4382  1.2514  1.1661  0.1728  0.1498  0.1326 
SIO  1.6260  1.3966  1.2644  1.3492  1.1501  1.0431  0.2768  0.2466  0.2212 
S I I  1.8753  1.5769  1.4677  1.6679  1.4111  1.3029  0.2074  0.1658  0.1649 
S12  1.7445  1.4459  1.4070  1.5275  1.2149  1.2019  0.2170  0.2310  0.2051 
S13  1.6582  1.5192  1.3824  1.4835  1.3520  1.2465  0.1747  0.1673  0.1360 
Mean  1.6977  1.4838  1.3809,  1.4857_  1.2923  1.2076  0.2120  0.1915  0.1733 
SD  0.0981  0.0879  0.0748  0.0966  0.0902  0.0766  0.0313  0.0313  0.0291 234 
Table K.33. Maximum, minimum, and range of absolute values for linear displacement 
variable-right ankle (medio-lateral). 
09X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.2872  1.1477  1.1124  1.2872  1.1477  1.1124  0.0000  0.0000  0.0000 
SO2  1.2020  1.0260  1.0388  1.2020  1.0260  1.0388  0.0000  0.0000  0.0000 
S03  1.4326  1.2754  1.2028  1.4326  1.2754  1.2028  0.0000  0.0000  0.0000 
SO4  1.1960  1.0682  0.9814  1.1960  1.0682  0.9814  0.0000  0.0000  0.0000 
SO5  1.2077  1.1040  1.0491  1.2077  1.1040  1.0491  0.0000  0.0000  0.0000 
S06  1.1932  1.0970  1.0626  1.1932  1.0970  1.0626  0.0000  0.0000  0.0000 
SO7  1.1985  1.0957  1.0191  1.1985  1.0957  1.0191  0.0000  0.0000  0.0000 
S08  1.1909  1.0546  0.9773  1.1909  1.0546  0.9773  0.0000  0.0000  0.0000 
S09  1.2349  1.1142  0.9979  1.2349  1.1142  0.9979  0.0000  0.0000  0.0000 
S10  1.2056  1.0269  0.9334  1.2056  1.0269  0.9334  0.0000  0.0000  0.0000 
S11  1.3299  1.0851  1.0714  1.3299  1.0851  1.0714  0.0000  0.0000  0.0000 
S12  1.3206  1.0330  1.0397,  1.3206  1.0330  1.0397  0.0000  0.0000  0.0000 
S13  1.3254  1.1355  1.0944  1.3254  1.1355  1.0944  0.0000  0.0000  0.0000 
Mean  1.2557  1.0972  1.0446  1.2557  1.0972  1.0446  0.0000  0.0000  0.0000 
SD  0.0763_  0.0665  0.0689  0.0763  0.0665  0.0689  0.0000  0.0000  0.0000 
Table K.34. Maximum, minimum, and range of absolute values for linear displacement 
variable-right ankle (antero-posterior). 
09Y  Maximum  Minimum  Range 
1W  31  81 1W 31  81 1W 31  81 
SO1  0.1486  0.0905  0.0458  0.1486  0.0905  0.0458  0.0000  0.0000  0.0000 
SO2  0.5094  0.3633  0.3472  0.5094  0.3633  0.3472  0.0000  0.0000  0.0000 
S03  0.6007  0.4010  0.2645  0.6007  0.4010  0.2645  0.0000  0.0000  0.0000 
SO4  0.5369  0.3048  0.2271  0.5369  0.3048  0.2271  0.0000  0.0000  0.0000 
SOS  0.5067  0.3263  0.2430  0.5067  0.3263  0.2430  0.0000  0.0000  0.0000 
S06  0.6735  0.4273  0.2930  0.6735  0.4273  0.2930  0.0000  0.0000  0.0000 
S07  0.6340  0.5218  0.3713  0.6340  0.5218  0.3713  0.0000  0.0000  0.0000 
S08  0.3286  0.1977  0.1804  0.3286  0.1977  0.1804  0.0000  0.0000  0.0000 
SO9  0.4053  0.1844  0.0498  0.4053  0.1844  0.0498  0.0000  0.0000  0.0000 
S10  0.3748  0.2325  0.1882  0.3748  0.2324  0.1882  0.0000  0.0000  0.0000 
Sll  0.7726  0.6366  0.4382  0.7726  0.6366  0.4382  0.0000  0.0000  0.0000 
S12  0.4460  0.2854  0.2503  0.4460  0.2854  0.2503  0.0000  0.0000  0.0000 
S13  0.3004  0.2717  0.2281  0.3004  0.2717  0.2281  0.0000  0.0000  0.0000 
Mean  0.4798  0.3264  0.2405  0.4798  0.3264  0.2405  0.0000  0.0000  0.0000 
SD  0.1705_  0.1466  0.1125  0.1705  0.1466  0.1125  0.0000  0.0000  0.0000 235 
Table K.35. Maximum, minimum, and range of absolute values for linear displacement 
variable-right ankle (vertical). 
09Z  Maximum  Minimum  Range  
81  31  81  INV 31  81  INV  31  INV  
SO1  0.0740  0.0091  0.0042  0.0740  0.0091  0.0042  0.0000  0.0000  0.0000  
SO2  0.0102  0.0203  0.0096  0.0102  0.0203  0.0096  0.0000  0.0000  0.0000  
S03  0.0309  0.0175  0.0201  0.0309  0.0175  0.0201  0.0000  0.0000  0.0000  
SO4  0.0309  0.0198  0.0306  0.0309  0.0198  0.0306  0.0000  0.0000  0.0000  
505  0.0490  0.0088  0.0216  0.0490  0.0088  0.0216  0.0000  0.0000  0.0000  
S06 ..  0.0599  0.0000  0.0053  0.0599  0.0000  0.0053  0.0000  0.0000  0.0000  
0.0342  0.0054  0.0089  0.0342  0.0054  0.0089  0.0000  0.0000  0.0000  
0.0441  0.0000  0.0035  0.0441  0.0000  0.0035  0.0000  0.0000  0.0000  
509  0.0135  0.0162  0.0045  0.0135  0.0162  0.0045  0.0000  0.0000  0.0000  
0.0126  0.0020  0.0000  0.0126  0.0020  0.0000  0.0000  0.0000  0.0000  81 03 .'-
S 1 1!. ,  0.0325  0.0003  0.0062  0.0325  0.0003  0.0062  0.0000  0.0000  0.0000  
S12  0.0385  0.0032  0.0000  0.0385  0.0032  0.0000  0.0000  0.0000  0.0000  
,,  S13,, 0.0133  0.0184  0.0000  0.0133  0.0184  0.0000  0.0000  0.0000  0.0000 
Mean  0.0341  0.0093  0.0088  0.0341  0.0093  0.0088  0.0000  0.0000  0.0000 
SI) ..  0.0194  0.0081  0.0095  0.0194  0.0081  0.0095  0.0000  0.0000  0.0000 
Table K.36. Maximum, minimum, and range of absolute values for linear displacement 
variable-right ankle (resultant). 
09R  
1W  31  
kaan  1.2978  1.1513  1.1134  1.2978  1.1513  1.1134  0.0000  0.0000  0.0000 
SO2  1.3055  1.0886  1.0954  1.3055  1.0886  1.0954  0.0000  0.0000  0.0000 
S03  1.5537  1.3371  1.2317  1.5537  1.3371  1.2317  0.0000  0.0000  0.0000 
SO4  1.3114  1.11 1 0  1.0078  1.3114  1.1110  1.0078  0.0000  0.0000  0.0000 
SOS..  1.3106  1.1512  1.0770  1.3106  1.1512  1.0770  0.0000  0.0000  0.0000 
SO6,,  1.3714  1.1773  1.1023  1.3714  1.1773  1.1023  0.0000  0.0000  0.0000 
S07  1.3563  1.2136  1.0847  1.3563  1.2136  1.0847  0.0000  0.0000  0.0000 
SOS  1.2362  1.0730  0.9938  1.2362  1.0730  0.9938  0.0000  0.0000  0.0000 
SO9'  1.2998  1.1294  0.9992  1.2998  1.1294  0.9992  0.0000  0.0000  0.0000 
5103  1.2626  1.0529  0.9521  1.2626  1.0529  0.9521  0.0000  0.0000  0.0000 
Si'  1.5383  1.2581  1.1576  1.5383  1.2581  1.1576  0.0000  0.0000  0.0000 
S12  1.3944  1.0717  1.0694  1.3944  1.0717  1.0694  0.0000  0.0000  0.0000 
1.3591  1.1677  1.1179  1.3591  1.1677  1.1179  0.0000  0.0000  0.0000 
1.3536  1.1525  1.0771  1.3536  1.1525  1.0771  0.0000  0.0000  0.0000 
0.0958  0.0811  0.0752  0.0958  0.0811  0.0752  0.0000  0.0000  0.0000 236 
Table K.37. Maximum, minimum, and range of absolute values for linear displacement 
variable-right toe (medio-lateral). 
10X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.2059  1.0742  1.0516  1.2059  1.0742  1.0516  0.0000  0.0000  0.0000 
S02  1.1491  0.9746  0.9660  1.1491  0.9746  0.9660  0.0000  0.0000  0.0000 
S03  1.3328  1.2213  1.1099  1.3328  1.2213  1.1099  0.0000  0.0000  0.0000 
504  1.1379  1.0189  0.9627  1.1379  1.0189  0.9627  0.0000  0.0000  0.0000 
SOS  1.1188  1.0234  0.9975  1.1188  1.0234  0.9975  0.0000  0.0000  0.0000 
SO6  1.1231  1.0302  0.9721  1.1231  1.0302  0.9721  0.0000  0.0000  0.0000 
S07  1.1304  1.0233  0.9821  1.1304  1.0233  0.9821  0.0000  0.0000  0.0000 
S08  1.1231  0.9920  0.9263  1.1231  0.9920  0.9263  0.0000  0.0000  0.0000 
S09  1.1683  1.0549  0.9851  1.1683  1.0549  0.9851  0.0000  0.0000  0.0000 
S10  1.1302  0.9721  0.8779  1.1302  0.9721  0.8779  0.0000  0.0000  0.0000 
511  1.2366  1.0148  0.9824  1.2366  1.0148  0.9824  0.0000  0.0000  0.0000 
S12  1.1671  1.0310  0.9854  1.1671  1.0310  0.9854  0.0000  0.0000  0.0000 
513  1.2447  1.1036  1.0454  1.2447  1.1036  1.0454  0.0000  0.0000  0.0000 
Mean  1.1745  1.0411  0.9880  1.1745  1.0411  0.9880  0.0000  0.0000  0.0000 
Sll  0.0640  0.0654  0.0575  0.0640  0.0654  0.0575  0.0000  0.0000  0.0000 
Table K.38. Maximum, minimum, and range of absolute values for linear displacement 
variable-right toe (antero-posterior). 
10Y  Maximum  Minimum  Range 
1W 3I  81 1W  31  81  1W  31  81 
SO1  0.4787  0.4433  0.3668  0.4787  0.4433  0.3668  0.0000  0.0000  0.0000 
S02  0.7906  0.6468  0.6288  0.7906  0.6468  0.6288  0.0000  0.0000  0.0000 
S03  0.8915  0.6828  0.5740  0.8915  0.6828  0.5740  0.0000  0.0000  0.0000 
SO4  0.8109  0.6037  0.5046  0.8109  0.6037  0.5046  0.0000  0.0000  0.0000 
S05  0.8085  0.6375  0.5269  0.8085  0.6375  0.5269  0.0000  0.0000  0.0000 
S06  0.9685  0.7531  0.6034  0.9685  0.7531  0.6034  0.0000  0.0000  0.0000 
S07  0.9111  0.8152  0.6168  0.9111  0.8152  0.6168  0.0000  0.0000  0.0000 
S08  0.6313  0.4958  0.4780  0.6313  0.4958  0.4780  0.0000  0.0000  0.0000 
S09  0.6905  0.4653  0.3353  0.6905  0.4653  0.3353  0.0000  0.0000  0.0000 
S10  0.6461  0.5061  0.4523  0.6461  0.5061  0.4523  0.0000  0.0000  0.0000 
511  1.0455  0.9020  0.7120  1.0455  0.9020  0.7120  0.0000  0.0000  0.0000 
S12  0.7476  0.5918  0.5615  0.7476,  0.5918  0.5615  0.0000  0.0000  0.0000 
S13  0.6308  0.5931  0.5706  0.6308  0.5931  0.5706  0.0000  0.0000  0.0000 
Mean  0.7732  0.6259  0.5332  0.7732  0.6259  0.5332  0.0000  0.0000  0.0000 
Sll  0.1579  0.1370  0.1058  0.1579  0.1370  0.1058  0.0000  0.0000  0.0000 237 
Table K.39. Maximum, minimum, and range of absolute values for linear displacement 
variable-right toe (vertical). 
10Z  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  0.0528  0.0095  0.0099  0.0528  0.0095  0.0099  0.0000  0.0000  0.0000 
SO2  0.0043  0.0161  0.0112  0.0043  0.0161  0.0112  0.0000  0.0000  0.0000 
S03  0.0151  0.0057  0.0166  0.0151  0.0057  0.0166  0.0000  0.0000  0.0000 
SO4  0.0209  0.0119  0.0084  0.0209  0.0119  0.0084  0.0000  0.0000  0.0000 
SO5  0.0316  0.0088  0.0000  0.0316  0.0088  0.0000  0.0000  0.0000  0.0000 
S06  0.0340  0.0024  0.0041  0.0340  0.0024  0.0041  0.0000  0.0000  0.0000 
SO7  0.0271  0.0148  0.0054  0.0271  0.0148  0.0054  0.0000  0.0000  0.0000 
SOS  0.0374  0.0085  0.0078  0.0374  0.0085  0.0078  0.0000  0.0000  0.0000 
S09  0.0209  0.0073  0.0186  0.0209  0.0073  0.0186  0.0000  0.0000  0.0000 
510  0.0175  0.0096  0.0076  0.0175  0.0096  0.0076  0.0000  0.0000  0.0000 
511  0.0211  0.0197  0.0113  0.0211  0.0197  0.0113  0.0000  0.0000  0.0000 
S12  0.0411  0.0109  0.0220  0.0411  0.0109  0.0220  0.0000  0.0000  0.0000 
S13  0.0166  0.0273  0.0125  0.0166  0.0273  0.0125  0.0000  0.0000  0.0000 
Mean	  0.0262  0.0117  0.0104  0.0262  0.0117  0.0104  0.0000  0.0000  0.0000 
0.0129  0.0065  0.0060  0.0129  0.0065  0.0060  0.0000  0.0000  0.0000 
Table K.40. Maximum, minimum, and range of absolute values for linear displacement 
variable-right toe (resultant). 
lOR  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.2985  1.1622  1.1138  1.2985  1.1622  1.1138  0.0000  0.0000  0.0000 
SO2  1.3948  1.1698  1.1527  1.3948  1.1698  1.1527  0.0000  0.0000  0.0000 
SO3  1.6035  1.3992  1.2497  1.6035  1.3992  1.2497  0.0000  0.0000  0.0000 
SO4  1.3974  1.1844  1.0870  1.3974  1.1844  1.0870  0.0000  0.0000  0.0000 
S05  1.3807  1.2057  1.1281  1.3807  1.2057  1.1281  0.0000  0.0000  0.0000 
S06  1.4834  1.2761  1.1442  1.4834  1.2761  1.1442  0.0000  0.0000  0.0000 
SO7  1.4521  1.3083  1.1598  1.4521  1.3083  1.1598  0.0000  0.0000  0.0000 
SO8  1.2889  1.1090  1.0424  1.2889  1.1090  1.0424  0.0000  0.0000  0.0000 
SO9  1.3572  1.1530  1.0408  1.3572  1.1530  1.0408  0.0000  0.0000  0.0000 
S10  1.3019  1.0960  0.9876  1.3019  1.0960  0.9876  0.0000  0.0000  0.0000 
SI 1  1.6195  1.3578  1.2133,  1.6195,  1.3578  1.2133  0.0000  0.0000  0.0000 
S12  1.3867  1.1889  1.1344  1.3867  1.1889  1.1344  0.0000  0.0000  0.0000 
S13  1.3955  1.2532  1.1910  1.3955  1.2532  1.1910  0.0000  0.0000  0.0000 
Mean  1.4123  1.2203  1.1265  1.4123  1.2203  1.1265  0.0000  0.0000  0.0000 
SD  0.1049  0.0929  0.0733  0.1049_  0.0929  0.0733  0.0000  0.0000  0.0000 238 
Table K.41. Maximum, minimum, and range of absolute values for linear displacement 
variable-left shoulder (medio-lateral). 
11X  Maximum  Minimum	  Range 
1W  31  81 1W 31  81 1W  31  81 
SO!  1.6624  1.5400  1.4802  1.2983  1.1845  1.1642  0.3641  0.3554  0.3160 
SO2  1.5631  1.4436  1.3081  1.2255  1.1136  1.0368  0.3376  0.3300  0.2713 
S03  1.7421  1.6326  1.5141  1.3975  1.3073  1.2075  0.3447  0.3253  0.3066 
SO4  1.6528  1.5158  1.4606  1.3440  1.2357  1.1162  0.3088  0.2801  0.3445 
S05  1.5458  1.4159  1.3864  1.2656  1.1625  1.1128  0.2802  0.2534  0.2736 
S06  1.5153  1.4298  1.3654  1.1990  1.1272  1.0959  0.3163  0.3026  0.2695 
SO?  1.6559  1.5341  1.4780  1.2748  1.1749  1.1387  0.3811  0.3592  0.3393 
SOS  1.5786  1.4453  1.3711  1.1861  1.0583  0.9660  0.3925  0.3869  0.4050 
S09  1.7526  1.5383  1.4339  1.3670  1.2483  1.1788  0.3855  0.2900  0.2550 
510'  1.6257  1.4691  1.2622  1.2435  1.1016  1.0140  0.3823  0.3675  0.2482 
511  1.7291  1.5320  1.5239  1.3863  1.2135  1.1514  0.3428  0.3185  0.3726 
S12  1.7315  1.5170  1.4239  1.3234  1.0989  1.0374  0.4081  0.4181  0.3865 
S13  1.7302  1.6110  1.5111  1.2536  1.1828  1.0818  0.4765  0.4282  0.4293 
Mean  1.6527  1.5096  1.4245  1.2896  1.1699  1.1001  0.3631  0.3396  0.3244 
0.0820  0.0669  0.0819  0.0698  0.0700  0.0707  0.0503  0.0526  0.0604 
Table K.42. Maximum, minimum, and range of absolute values for linear displacement 
variable-left shoulder (antero-posterior). 
11Y  Minimum  Range 
31  81 
SOt  0.7634  0.5993  0.5453  0.5165  0.3134  0.3429  0.2469  0.2859  0.2024 
2  0.9487  0.8042  0.7702  0.6768  0.5406  0.5122  0.2719  0.2636  0.2579 
S03  1.0885  0.8718  0.7712  0.8028  0.5793  0.5021  0.2857  0.2925  0.2691 
SO4  1.0208  0.7739  0.6867  0.6787  0.4523  0.3686  0.3421  0.3216  0.3181 
0.9570  0.7962  0.6429  0.6818  0.5650  0.3498  0.2752  0.2311  0.2932 
S06  1.1712  0.8992  0.7863  0.9053  0.5743  0.5308  0.2659  0.3249  0.2556 
S  1.1244  0.9795  0.8046  0.8241  0.7339  0.5105  0.3003  0.2456  0.2941 
08  0.8502  0.6957  0.6705  0.5008  0.4234  0.4275  0.3494  0.2723  0.2430 
SO  0.8967  0.6804  0.5812  0.5809  0.3893  0.2767  0.3158  0.2911  0.3045 
SIO  0.8576  0.6970  0.6447  0.5483  0.4123  0.3786  0.3093  0.2847  0.2661 
S11  1.1825  1.0116  0.8496  0.8832  0.7407  0.5847  0.2993  0.2709  0.2649 
0.9718  0.7726  0.7379  0.7232  0.4437  0.3897  0.2487  0.3289  0.3482 
SI3	  0.7754  0.6837  0.6656  0.4607  0.3440  0.3094  0.3147  0.3397  0.3562 
0.9699  0.7896  0.7044  0.6756  0.5009  0.4218  0.2942  0.2887  0.2826 
0.1413  0.1230_  0.0906  0.1482  0.1356  0.0965  0.0324  0.0330  0.0426 239 
Table K.43. Maximum, minimum, and range of absolute values for linear displacement 
variable-left shoulder (vertical). 
11Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO I  1.5703  1.4450  1.4141  1.2629  1.1911  1.1664  0.3074  0.2538  0.2477 
SO2  1.2853  1.3023  1.3013  1.0760  1.0538  1.0420  0.2092  0.2484  0.2593 
SO3  1.4552  1.3479  1.3741  1.2022  1.1531  1.1441  0.2530  0.1948  0.2300 
SO4  1.4421  1.4162  1.3551  1.2131  1.1672  1.1399  0.2290  0.2490  0.2152 
S05  1.4208  1.3892  1.3796  1.2253  1.1845  1.1612  0.1954  0.2047  0.2184 
S06  1.3438  1.3035  1.3110  1.1690  1.1198  1.1091  0.1748  0.1838  0.2019 
SO7  1.4816  1.4229  1.3668  1.2216  1.2002  1.1782  0.2600  0.2227  0.1886 
S08  1.4170  1.3468  1.2948  1.1802  1.1139  1.0959  0.2368  0.2329  0.1988 
509  1.4200  1.3934  1.4129  1.2048  1.1702  1.1481  0.2152  0.2232  0.2647 
S10  1.3306  1.2746  1.3049  1.1295  1.0968  1.0849  0.2011  0.1778  0.2200 
S11  1.2834  1.2550  1.2576  1.1070  1.0628  1.0524  0.1765  0.1922  0.2052 
S1.2  1.4099  1.3444  1.3256  1.1932  1.1410  1.1041  0.2167  0.2034  0.2215 
S13  1.4293  1.4134  1.3711  1.2426  1.2121  1.1788  0.1867  0.2012  0.1923 
1.4069  1.3580  1.3438  1.1867  1.1436  1.1235  0.2201  0.2145  0.2203 
0.0799  0.0609  0.0482  0.0541  0.0512  0.0458  0.0375  0.0257  0.0245 
Table K.44. Maximum, minimum, and range of absolute values for linear displacement 
variable-left shoulder (resultant). 
1112  .Maximum  -
W  31  81 1W  31  81 1W  31  81 
SOI  2.2775  2.0888  2.0367  1.9856  1.8120  1.7572  0.2920  0.2768  0.2795 
SO2  2.1525  2.0177  1.9180  1.8892  1.7285  1.6727  0.2633  0.2892  0.2453 
S03  2.4044  2.1798  2.0772  2.1381  1.9675  1.8421  0.2663  0.2123  0.2351 
SO4  2.2963  2.1231  2.0262  2.0866  1.8793  1.7388  0.2097  0.2438  0.2874 
SO5  2.2074  2.0555  1.9729  2.0369  1.8541  1.7600  0.1705  0.2015  0.2129 
S06  2.2306  2.0011  1.9414  2.0442  1.8388  1.7648  0.1863  0.1623  0.1766 
507  2.3599  2.1907  2.0871  2.0918  1.9504  1.8419  0.2681  0.2403  0.2453 
SOS  2.1581  1.9899  1.8870  1.8916  1.7064  1.6309  0.2664  0.2835  0.2560 
509  2.3292  2.1118  2.0279  2.0661  1.8697  1.7754  0.2631  0.2421  0.2525 
510  2.1546  1.9881  1.8544  1.9025  1.7261  1.6322  0.2521  0.2620  0.2222 
S11  2.3540  2.1144  2.0606  2.1418  1.9444  1.8139  0.2121  0.1701  0.2467 
s 
S12  2.3220  2.0508  1.9705  2.0647  1.8138  1.7252  0.2573  0.2370  0.2453  
S13  2.2706  2.1567  2.0432  1.9535  1.8662  1.7711  0.3171  0.2905  0.2721  
Mean  2.2706  2.0822  1.9925  2.0225  1.8429  1.7482  0.2480  0.2393  0.2444  
SD  0.0843  0.0709  0.0747  0.0896  0.0853  0.0690  0.0417  0.0427  0.0292  240 
Table K.45. Maximum, minimum, and range of absolute values for linear displacement 
variable-left elbow (medio-lateral). 
12X  Maximum  Minimum	  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  1.7697  1.6498  1.5768  1.1440  1.0476  0.9857  0.6257  0.6022  0.5912 
SO2  1.6368  1.4529  1.3765  1.0589  0.9122  0.8593  0.5779  0.5407  0.5172 
S03  1.7520  1.6611  1.5549  1.1908  1.0885  0.9794  0.5612  0.5726  0.5755 
SO4  1.6690  1.5169  1.4253  1.1310  1.0091  0.9501  0.5380  0.5079  0.4752 
S05  1.6726  1.5096  1.4832  1.1205  1.0079  0.9517  0.5521  0.5017  0.5315 
S06  1.5065  1.4501  1.4133  0.9761  0.9353  0.8958  0.5304  0.5148  0.5175 
S07  1.6117  1.5452  1.4817  1.1337  1.0175  0.9703  0.4780  0.5277  0.5114 
SOS  1.6117  1.4950  1.3694  1.0457  0.9310  0.8340  0.5659  0.5639  0.5354 
S09  1.7336  1.5882  1.4192  1.2055  1.0575  0.9514  0.5282  0.5307  0.4678 
S10  1.6754  1.5699  1.3509  1.0711  0.9234  0.8086  0.6043  0.6465  0.5422 
S11  1.7565  1.4967  1.5836  1.2396  1.0517  0.9993  0.5168  0.4451  0.5843 
S12  1.7201  1.4777  1.4539  1.2071  0.9814  0.8729  0.5130  0.4963  0.5810 
S13  1.7387  1.6439  1.4893  1.0913  0.9738  0.8838  0.6474  0.6701  0.6055 
Mean  1.6811  1.5428  1.4599  1.1243  0.9951  0.9186  0.5568  0.5477  0.5412 
SD  0.0756  0.0739  0.0774  0.0753  0.0576  0.0627  0.0478  0.0628  0.0439 
Table K.46. Maximum, minimum, and range of absolute values for linear displacement 
variable-left elbow (antero-posterior). 
12Y  Maximum  Minimum	  Range 
1W  31  81 1W 31  81 1W 31  81 
SO1  0.6942  0.5191  0.4550  0.5341  0.3927  0.3175  0.1601  0.1265  0.1376 
SO2  0.9029  0.7786  0.7375  0.7505  0.6340  0.6077  0.1525  0.1446  0.1298 
S03  1.0676  0.8012  0.6924  0.8662  0.6518  0.5625  0.2015  0.1494  0.1299 
r SO4  0.9336  0.6883  0.5733  0.7962  0.5363  0.4478  0.1374  0.1519  0.1256 
S05  0.9556  0.7300  0.6190  0.7450  0.5648  0.4203  0.2106  0.1652  0.1987 
S06  1.1646  0.8604  0.7494  0.9877  0.6535  0.5476  0.1769  0.2069  0.2019 
SO7  1.0882  0.8654  0.6958  0.8612  0.6944  0.5679  0.2270  0.1710  0.1278 
SO8  0.7691  0.6034  0.5595  0.6493  0.4847  0.4434  0.1199  0.1188  0.1160 
509  0.8422  0.5682  0.4711  0.6728  0.4540  0.3149  0.1694  0.1142  0.1562 
S10  0.8003  0.5708  0.5640  0.6391  0.4571  0.4357  0.1612  0.1137  0.1283 
S11  1.1497  0.9870  0.7985  0.9193  0.7940  0.6445  0.2304  0.1931  0.1540 
S12  0.9314  0.6985  0.6500  0.7605  0.4924  0.4804  0.1709  0.2060  0.1696 
S13  0.7180  0.6116  0.5939  0.5414  0.4567  0.4035  0.1766  0.1549  0.1904 
Mean	  0.9244  0.7140  0.6276  0.7479  0.5590  0.4764  0.1765  0.1551  0.1512 
0.1579  0.1397  0.1051  0.1390_  0.1179  0.1040  0.0331  0.0326  0.0300 241 
Table K.47. Maximum, minimum, and range of absolute values for linear displacement 
variable-left elbow (vertical). 
12Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.5375  1.4926  1.4329  1.0637  0.9880  0.9701  0.4738  0.5046  0.4628 
SO2  1.2789  1.2587  1.2625  0.8900  0.8695  0.8540  0.3889  0.3892  0.4085 
S03  1.3876  1.3302  1.3140  0.9968  0.9624  0.9445  0.3908  0.3678  0.3695 
SO4  1.3920  1.3375  1.3047  0.9767,  0.9333  0.9143  0.4153  0.4041  0.3904 
SO5  1.4489  1.4356  1.4043  0.9885  0.9426  0.9224  0.4603  0.4930  0.4820 
SO6  1.3170  1.2791  1.2375  0.9541  0.8971  0.8912  0.3629  0.3821  0.3463 
S07  1.4283  1.3795  1.3593  1.0743  1.0136  0.9886  0.3540  0.3659  0.3707 
S08  1.4020  1.3245  1.2798  0.9877  0.9309  0.9107  0.4143  0.3936  0.3691 
S09  1.4382  1.4090  1.3794  1.0059  0.9654  0.9641  0.4322  0.4436  0.4152 
S10  1.3132  1.3017  1.2658  0.9082  0.8914  0.8863  0.4051  0.4103  0.3795 
S1 1  1.3359  1.3368  1.3284  0.8895  0.8789  0.8593  0.4464  0.4578  0.4692 
S12  1.4701  1.4032  1.2918  0.9861  0.9286  0.8964  0.4840  0.4745  0.3954 
S13  1.4725  1.4726  1.4418  1.0015  0.9763  0.9597  0.4710  0.4963  0.4821 
Mean  1.4017  1.3662  1.3310  0.9787  0.9368  0.9201  0.4230  0.4294  0.4108 
SD  0.0748  0.0728  0.0671  0.0574  0.0440  0.0429  0.0425  0.0510  0.0475 
Table K.48. Maximum, minimum, and range of absolute values for linear displacement 
variable-left elbow (resultant). 
I2R  Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SO1  2.2485  2.0418  1.9570  1.7743  1.6216  1.5528  0.4742  0.4202,  0.4043 
SO2  2.0698  1.8817  1.8118  1.7222  1.5376  1.4733  0.3476  0.3442  0.3385 
S03  2.3084  2.0766  1.9573  1.9351  1.7379  1.6420  0.3733  0.3387  0.3154 
SO4  2.1845  1.9282  1.8198  1.8705  1.6731  1.5735  0.3140  0.2551  0.2463 
SO5  2.1973  1.9650  1.8798  1.8341  1.6640  1.5627  0.3631  0.3010  0.3171 
S06  2.1275  1.8994  1.8338  1.8265  1.6448  1.5528  0.3010  0.2546  0.2810 
S07  2.2049  2.0264  1.8908  1.9367  1.7684  1.6454  0.2682  0.2580  0.2455 
S08  2.0796  1.8710  1.7501  1.7056  1.5238  1.4587  0.3740  0.3472  0.2914 
S09  2.1929  1.9929  1.8183  1.8510  1.6340  1.5521  0.3419  0.3589  0.2662 
S 10  2.0982  1.9189  1.7365  1.6888  1.5170  1.4282  0.4093  0.4019  0.3083 
S11  2.3026  1.9853  1.9501  1.9283  1.7166  1.5941  0.3744  0.2687  0.3560 
S12  2.2029  1.8781  1.8318  1.8760  1.6468  1.5210  0.3269  0.2313  0.3108 
S13  2.1553  2.0184  1.8617  1.7582  1.6692  1.5696  0.3971  0.3492  0.2921 
Mean  2.1825  1.9603  1.8538.,  1.8236  1.6427  1.5482  0.3588  0.3176  0.3056 
SD  0.0764  0.0689  0.0721  0.0871  0.0785  0.0648  0.0525  0.0605  0.0440 242 
Table K.49. Maximum, minimum, and range of absolute values for linear displacement 
variable-left wrist (medio-lateral). 
13X  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  1.8570  1.6968  1.6180  0.9049  0.8076  0.7409  0.9520  0.8892  0.8771 
S02  1.7020  1.4497  1.4615  0.8492  0.6880  0.6726  0.8528  0.7617  0.7889 
SO3  1.8835  1.7353  1.6235  0.9643  0.8449  0.7688  0.9192  0.8904  0.8547 
SO4  1.6911  1.5191  1.4129  0.8999  0.7804  0.7070  0.7913  0.7386  0.7059 
SO5  1.7051  1.5575  1.4917  0.9236  0.8068  0.7349  0.7815  0.7507  0.7567 
SO6  1.6659  1.4764  1.4202  0.8660  0.7830  0.7224  0.7999  0.6934  0.6977 
S07  1.6511  1.5320  1.4625  0.9382  0.8217  0.7490  0.7129  0.7103  0.7135 
S08  1.7127  1.5690  1.4814  0.8526  0.7325  0.6480  0.8601  0.8365  0.8334 
SO9  1.7533  1.5750  1.4823  0.9859  0.8244  0.7382  0.7674  0.7507  0.7441 
SIO  1.6709  1.4972  1.3628  0.8691  0.7064  0.6047  0.8018  0.7908  0.7582 
SI I  1.7760  1.5524  1.4514  1.0250  0.8373  0.7651  0.7510  0.7151  0.6863 
S12  1.7823  1.4009  1.3713  1.0015  0.7846  0.6875  0.7808  0.6163  0.6838 
S13  1.7953  1.6469  1.5561  0.8950  0.7535  0.6554  0.9002  0.8934  0.9007 
Mean	  1.7420  1.5545  1.4766  0.9212  0.7824  0.7073  0.8208  0.7721  0.7693 
0.0733  0.0948  0.0819  0.0582  0.0496  0.0502  0.0707  0.0849  0.0753 
Table K.50. Maximum, minimum, and range of absolute values for linear displacement 
variable-left wrist (antero-posterior). 
13Y  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SOt  0.8108  0.6300  0.4882  0.3492  0.2607  0.2102  0.4615  0.3693  0.2780 
SO2  0.9707  0.8512  0.7848  0.6336  0.5539  0.4730  0.3371  0.2972  0.3118 
SO3  1.1257  0.8450  0.7273  0.7206  0.5570  0.5098  0.4051  0.2880  0.2175 
SO4  1.0196  0.7439  0.6164  0.6853  0.5010,  0.4005  0.3342  0.2429  0.2158 
505  0.9879  0.8060  0.6578  0.5628  0.4279  0.3574  0.4251  0.3781  0.3005 
SO6  1.1942  0.9202  0.7545  0.7782  0.6162  0.5146  0.4159  0.3040  0.2399 
SO7  1.0652  0.9147  0.7381  0.6200  0.5029  0.4232  0.4453  0.4119  0.3149 
SO8  0.8250  0.5997  0.5523  0.5115  0.3582  0.3499  0.3135  0.2416  0.2023 
SO9  0.9029  0.6022  0.5028  0.4828  0.3379  0.2819  0.4201  0.2643  0.2209 
SIO  0.8411  0.5946  0.5708,  0.4930  0.3419  0.3596  0.3481  0.2527  0.2112 
51  1.1903  1.0090  0.7985  0.6839  0.5596  0.4470  0.5064  0.4493  0.3516 
S12  0.9776  0.7720  0.6930  0.5700  0.4575  0.3883  0.4076  0.3145  0.3047 
S13  0.7729  0.6960  0.6068  0.3448  0.3447  0.3716  0.4281  0.3513  0.2352 
Mean	  0.9757  0.7680  0.6532  0.5720  0.4476  0.3913  0.4037  0.3204  0.2619 
0.1417  0.1378  0.1054  0.1339  0.1108  0.0862  0.0560  0.0668  0.0500 243 
Table K.51. Maximum, minimum, and range of absolute values for linear displacement 
variable-left wrist (vertical). 
132  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 IW 31 81 
, 
SO1  1.8259  1.7379  1.6765  0.7866  0.7073  0.6777  1.0393  1.0306  0.9988 
SO2  1.5064  1.4777  1.4554  0.6566  0.6519  0.6414  0.8498  0.8258  0.8140 
S03  1.5550  1.5177  1.4779  0.7194  0.6774  0.6761  0.8356  0.8403  0.8017 
SO4  1.5938  1.5472  1.4935  0.7351  0.6997  0.6827  0.8587  0.8474  0.8109 
SOS  1.6770  1.6589  1.6249  0.7438  0.7023  0.6792  0.9332  0.9565  0.9457 
SO6  1.5293  1.4944  1.4531  0.7331  0.6801  0.6672  0.7962  0.8142  0.7859 
S07  1.6561  1.6002  1.5706  0.7835  0.7092  0.6980  0.8726  0.8910  0.8727 
S08  1.6266  1.5440  1.4662  0.7718  0.7004  0.6796  0.8549  0.8436  0.7866 
S09  1.6715  1.6289  1.5940  0.7650  0.7430  0.7348  0.9065  0.8859  0.8592 
SIO  1.5477  1.5183  1.4867  0.6948  0.6634  0.6482  0.8529  0.8549  0.8386 
SI I  1.5275  1.5239  1.5134  0.6578  0.6306  0.6380  0.8697  0.8933  0.8754 
S12  1.6476  1.6070  1.5181  0.7608  0.7072  0.6558  0.8868  0.8997  0.8623 
S13  1.7290  1.7050  1.6719  0.7416  0.7124  0.6883  0.9873  0.9926  0.9836 
Mean  1.6226  1.5816  1.5387  0.7346  0.6912  0.6744  0.8880  0.8905  0.8643 
SD  0.0922  0.0823  0.0803  0.0428  0.0297  0.0259  0.0655  0.0661  0.0715 
Table K.52. Maximum, minimum, and range of absolute values for linear displacement 
variable-left wrist (resultant). 
13R  Maximum  Minimum	  Range 
IW 31  81 1W  31  81 1W  31  81 
SO1  2.2285  2.0617  1.9447  1.4887  1.3477  1.2676  0.7398  0.7140  0.6771 
SO2  2.0811  1.8564  1.8192  1.4801  1.3137  1.2388  0.6010  0.5427  0.5804 
S03  2.3123  2.0216  1.8789  1.6813  1.4901  1.3678  0.6309  0.5314  0.5111 
SO4  2.1434  1.8766  1.7664  1.6255  1.4319  1.3246  0.5179  0.4447  0.4418 
SO5  2.1750  2.0540  1.9482  1.5974  1.4232  1.3254  0.5776  0.6308  0.6228 
SO6  2.1518  1.8681  1.7632  1.5797  1.3861  1.2892  0.5722  0.4820  0.4739 
SO7  2.1109  1.9493  1.8512  1.6832  1.5051  1.4034  0.4277  0.4442  0.4478 
S08  2.0669  1.8590  1.7024  1.4731  1.2983  1.2337  0.5938  0.5607  0.4687 
SO9  2.1424  1.9600  1.8591  1.5995  1.3886  1.3093  0.5429  0.5714  0.5498 
S10  2.0082  1.8445  1.7459  1.4552  1.2729  1.1937  0.5530  0.5716  0.5522 
S 1 1  2.2532  2.0264  1.9167  1.6744  1.4762  1.3695  0.5788  0.5503  0.5472 
S12  2.2721  1.9634  1.8002  1.6429  1.4074  1.2765  0.6292  0.5559  0.5237 
S13  2.1409  2.0390  1.9136  1.5089  1.4089  1.3129  0.6320  0.6301  0.6007 
Mean	  2.1605  1.9523  1.8392  1.5761  1.3962  1.3010  0.5844  0.5561  0.5382 
0.0869  0.0830  0.0802  0.0850  0.0727  0.0597  0.0724  0.0751  0.0707 244 
Table K.53. Maximum, minimum, and range of absolute values for linear displacement 
variable-left hip (medio-lateral). 
14X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  1.7875  1.5998  1.5504  1.4968  1.3754  1.3142  0.2908  0.2244  0.2362 
SO2  1.6641  1.4507  1.4815  1.3989  1.2555  1.2329  0.2652  0.1952  0.2486 
S03  1.8316  1.7295  1.5718  1.6468  1.5228  1.4323  0.1848  0.2067  0.1395 
SO4  1.7151  1.5432  1.4593  1.4740  1.3353  1.2415  0.2411  0.2079  0.2178 
S05  1.7287  1.5929  1.5262  1.4782  1.3536  1.2963  0.2505  0.2393  0.2298 
S06  1.6649  1.5044  1.3807  1.4530  1.3294  1.2250  0.2119  0.1750  0.1556 
S07  1.6733  1.6303_  1.5304  1.5364  1.4346  1.3940  0.1368  0.1958  0.1363 
S08  1.7119  1.5672  1.4595  1.4550  1.3355  1.2684  0.2569  0.2316  0.1911 
S09  1.7810  1.5913  1.4565  1.5422  1.3964  1.2742  0.2387  0.1949  0.1823 
S10  1.7583  1.5553  1.3848  1.4376  1.2709  1.1569  0.3207  0.2844  0.2279 
SI 1  1.8451  1.6398  1.5641  1.6139  1.4250  1.3766  0.2312  0.2148  0.1874 
S12  1.8635  1.5245  1.4606  1.5621  1.3047  1.2810  0.3014  0.2198  0.1796 
S13  1.8508  1.6888  1.5859  1.5867  1.4565  1.3487  0.2641  0.2324  0.2371 
Mean  1.7597  1.5860  1.4932  1.5140  1.3689  1.2955  0.2457  0.2171  0.1977 
SD  0.0728  0.0754  0.0676  0.0742_  0.0765_  0.0767  0.0488  0.0273  0.0383 
Table K.54. Maximum, minimum, and range of absolute values for linear displacement 
variable-left hip (antero-posterior). 
14Y  Maximum  Minimum  Range 
1W  31  81 IW 31  81 1W  31  81 
SO1  0.4393  0.3102  0.2411  0.2100  0.1163  0.0755  0.2293  0.1938  0.1655 
SO2  0.6939  0.5228  0.4815  0.4103  0.2573  0.2601  0.2837  0.2655  0.2213 
S03  0.8637  0.5865  0.4443  0.6543  0.3297  0.2769  0.2094  0.2568  0.1674 
SO4  0.7218  0.4804  0.3830  0.4326  0.2680  0.1393  0.2892  0.2123  0.2437 
SOS  0.7336  0.5415  0.3890  0.4304  0.2546  0.0657  0.3031  0.2869  0.3232 
S06  0.8791  0.5892  0.4774  0.6073  0.2918  0.2865  0.2718  0.2974  0.1909 
S07  0.8700  0.7015  0.5159  0.5336  0.3499  0.3171  0.3364  0.3516  0.1988 
S08  0.5698  0.3908  0.3304  0.2979  0.1467  0.1168  0.2719  0.2441  0.2137 
S09  0.5707  0.3400  0.2039  0.4043  0.1776  0.0028  0.1664  0.1624  0.2011 
S10  0.5745  0.4039  0.3575  0.3514  0.1865  0.1052  0.2231  0.2175  0.2522 
SI 1  0.9725  0.7886  0.6003  0.7380  0.5666  0.3975  0.2345  0.2220  0.2027 
S12  0.7182  0.4871  0.4199  0.4975  0.2570  0.2370  0.2207  0.2301  0.1829 
S13  0.5335  0.4447  0.3848  0.2662  0.1473  0.0637  0.2673  0.2973  0.3211 
Mean  0.7031  0.5067  0.4022  0.4488  0.2576  0.1803  0.2544  0.2491  0.2219 
SD  0.1605  0.1376  0.1078  0.1547_  0.1177  0.1213  0.0455  0.0508  0.0513 245 
Table K.55. Maximum, minimum, and range of absolute values for linear displacement 
variable-left hip (vertical). 
14Z  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  0.9222  0.8855  0.8762  0.8464  0.7999  0.7681  0.0758  0.0856  0.1081 
SO2  0.7724  0.7710  0.7813  0.6782  0.7013  0.6795  0.0943  0.0698  0.1018 
S03  0.8664  0.8246  0.8382  0.7897  0.7737  0.7831  0.0767  0.0509  0.0551 
SO4  0.8920  0.8384  0.8043  0.7788  0.7502  0.7321  0.1131  0.0881  0.0721 
SO5  0.9093  0.8136  0.8086  0.7846  0.7595  0.7440  0.1247  0.0541  0.0646 
S06  0.8465  0.7847  0.8159  0.7714  0.7375  0.7488  0.0752  0.0472  0.0671 
S07  0.8529  0.8246  0.8554  0.8000  0.7552  0.7792  0.0529  0.0694  0.0761 
SO8  0.8297  0.7528  0.7374  0.7259  0.6944  0.6865  0.1038  0.0584  0.0508 
S09  0.8237  0.8133  0.8268  0.7627  0.7480  0.7715  0.0611  0.0653  0.0552 
S10  0.7725  0.7312  0.7628  0.6810  0.6833  0.6944  0.0915  0.0479  0.0684 
S1 1  0.7667  0.7033  0.7189  0.6679  0.6533  0.6804  0.0988  0.0501  0.0385 
S12  0.7598  0.7493  0.7399  0.7151  0.6805  0.6867  0.0447  0.0688  0.0532 
S13  0.8209  0.8158  0.7923  0.7652  0.7715  0.7531  0.0557  0.0442  0.0392 
Mean	  0.8335  0.7929  0.7968  0.7513  0.7314  0.7313  0.0822  0.0615  0.0654 
0.0550  0.0499  0.0476  0.0538  0.0442  0.0404  0.0246  0.0144  0.0210 
Table K.56. Maximum, minimum, and range of absolute values for linear displacement 
variable-left hip (resultant). 
14R  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  2.0223  1.8058  1.7502  1.7732  1.6267  1.5403  0.2491  0.1792  0.2099 
SO2  1.8799  1.6629  1.6950  1.7091  1.5294  1.4944  0.1709  0.1335  0.2006 
S03  2.1423_  1.9475  1.8028  2.0208  1.8046  1.6916  0.1215  0.1429  0.1111 
SO4  1.9810  1.7763  1.6675  1.8135  1.6013  1.4897  0.1675  0.1750  0.1778 
505  2.0001  1.8067  1.7263  1.8288  1.6481  1.5456  0.1713  0.1585  0.1807 
S06  1.9640  1.7216  1.6291  1.8666  1.6303  1.5130  0.0975  0.0913  0.1161 
507  1.9866  1.8479  1.7583  1.9362  1.7789  1.6866  0.0504  0.0690  0.0717 
SO8  1.9255  1.7419  1.6362  1.7229  1.5554  1.4797  0.2026  0.1865  0.1565 
S09  2.0034  1.7925  1.6728  1.8140  1.6203  1.5036  0.1895  0.1722  0.1693 
S I 0  1.9524  1.7287  1.5845  1.6926  1.5002  1.3937  0.2597  0.2285  0.1908 
S11  2.1300  1.8676  1.7667  1.9969  1.7437  1.6401  0.1331  0.1239  0.1266 
S12  2.0646  1.7015  1.6544  1.8693  1.5591  1.5206  0.1953  0.1424  0.1339 
S13  2.0421  1.8813  1.7610  1.8455  1.7080  1.5944  0.1966  0.1733  0.1666 
Mean  2.0072  1.7909  1.7004  1.8376  1.6389  1.5456  0.1696  0.1520  0.1547 
SD  0.0747  0.0806  0.0656  0.1027  0.0955  0.0862  0.0580  0.0419  0.0403 246 
Table K.57. Maximum, minimum, and range of absolute values for linear displacement 
variable-left knee (medio-lateral). 
15X  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 > 1W  31  81 
SO1  1.8401  1.6226  1.5862  1.5066  1.3327  1.2716  0.3334  0.2899  0.3145 
SO2  1.6771  1.4321  1.4405  1.4856  1.2647  1.2633  0.1915  0.1674  0.1771 
SO3  1.8709  1.7250  1.5507  1.6672  1.5617  1.4293  0.2037  0.1634  0.1214 
504  1.7229  1.5636  1.4002  1.5042  1.3491  1.2367  0.2187  0.2145  0.1635 
505  1.7405  1.5542  1.4778  1.5462  1.3727  1.3053  0.1943  0.1815  0.1725 
806  1.6786  1.4599  1.4582  1.5125  1.3342  1.2694  0.1661  0.1257  0.1888 
SO7  1.7441  1.6367  1.5490  1.5737  1.4575  1.4042  0.1704  0.1792  0.1448 
508  1.7108  1.5361  1.4292  1.4788  1.3529  1.2540  0.2320  0.1831  0.1753 
SO9  1.7890  1.5875  1.4777  1.5564  1.4056  1.2867  0.2326  0.1819  0.1910 
510  1.7005  1.5257  1.4033  1.4534  1.2957  1.1611  0.2472  0.2300  0.2421 
S11  1.8614  1.6326  1.5805  1.6323  1.3931  1.3610  0.2291  0.2394  0.2195 
512  1.8095  1.5151  1.4755  1.5239  1.2929  1.2887  0.2856  0.2222  0.1868 
S13  1.8447  1.6890  1.6192  1.6103  1.4768  1.3664  0.2344  0.2122  0.2528 
1.7685  1.5754  1.4960  1.5424  1.3761  1.2998  0.2261  0.1993  0.1962 
SD  0.0707  0.0851  0.0731  0.0637  0.0832  0.0733  0.0458  0.0415  0.0506 
Table K.58. Maximum, minimum, and range of absolute values for linear displacement 
variable-left knee (antero-posterior). 
15Y  Maximum  Minimum	  Range 
81 1W  31  81 1W  31  81 
SO1  0.5528  0.4459  0.3701  0.3237  0.2275  0.1718  0.2292  0.2185  0.1983 
SO2  0.7711  0.6066  0.5883  0.5269  0.3351  0.3722  0.2443  0.2715  0.2161 
SO3  0.9604  0.6997  0.5771  0.7440  0.4971  0.3775  0.2164  0.2025  0.1996 
504  0.8332  0.5660  0.4585  0.5183  0.2300  0.2017  0.3149  0.3360  0.2568 
SO5  0.7861  0.6280  0.4784  0.5024  0.3431  0.1632  0.2837  0.2849  0.3152 
506  0.9669  0.6904  0.5575  0.6729  0.3933  0.2978  0.2940  0.2971  0.2597 
SO7  0.9707  0.8225  0.6174  0.6133  0.5164  0.3605  0.3574  0.3060  0.2569 
SO8  0.6446  0.4686  0.4432  0.4363  0.3207  0.2542  0.2083  0.1478  0.1890 
SO9  0.6486  0.4089  0.2487  0.4383  0.2000  0.0278  0.2104  0.2089  0.2209 
S10  0.6521  0.4670  0.4238  0.4521  0.2526  0.1647  0.2001  0.2143  0.2591 
511  1.0421  0.9034  0.7112  0.7866  0.6338  0.4782  0.2555  0.2696  0.2330 
512  0.7797  0.5459  0.5093  0.5751  0.3302  0.3339  0.2046  0.2157  0.1754 
S13  0.5885  0.5193  0.4584  0.3794  0.2519  0.1713  0.2090  0.2674  0.2871 
Mean  "	  0.7844  0.5979  0.4955  0.5361  0.3486  0.2596  0.2483  0.2492  0.2359 
0.1621  0.1489  0.1184  0.1384  0.1305  0.1233  0.0499  0.0524  0.0409 247 
Table K.59. Maximum, minimum, and range of absolute values for linear displacement 
variable-left knee (vertical). 
152  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  0.5400  0.5168  0.5126  0.4964  0.4628  0.4352  0.0436  0.0540  0.0774 
SO2  0.4305  0.4472  0.4411  0.3718  0.4074  0.3669  0.0587  0.0398  0.0742 
S03  0.4915  0.4783  0.4882  0.4391  0.4176  0.4219  0.0525  0.0606  0.0663 
SO4  0.5236  0.5005  0.4769  0.4603  0.4524  0.4312  0.0633  0.0481  0.0456 
SO5  0.5144  0.4674  0.4797  0.4295  0.4238  0.4218  0.0850  0.0436  0.0579 
SO6  0.5085  0.4423  0.4592  0.4267  0.4107  0.4012  0.0819  0.0316  0.0580 
SO7  0.5098  0.4779  0.4839  0.4581  0.4287  0.4420  0.0516  0.0493  0.0419 
SO8  0.4877  0.4364  0.4134  0.3946  0.3607  0.3631  0.0931  0.0757  0.0502 
S09  0.4630  0.4635  0.4775  0.4110  0.3851  0.4217  0.0520  0.0784  0.0558 
S1O  0.4274  0.4196  0.4047  0.3794  0.3657  0.3843  0.0479  0.0539  0.0203 
S11  0.4524  0.3983  0.4034  0.3524  0.3433  0.3710  0.1000  0.0550  0.0324 
S12  0.4208  0.3995  0.4028  0.3316  0.3406  0.3623  0.0892  0.0589  0.0405 
S13  0.4389  0.4528  0.4458  0.4047  0.4081  0.4014  0.0342  0.0447  0.0444 
Mean  0.4776  0.4539  0.4530  0.4120  0.4005  0.4018  0.0656  0.0534  0.0512 
SD  0.0408  0.0357  0.0374  0.0464  0.0391  0.0293  0.0215  0.0132  0.0162 
Table K.60. Maximum, minimum, and range of absolute values for linear displacement 
variable-left knee (resultant). 
15R  Maximum  Minimum  Range 
1W  31  81 1W  31  81< 1W  31  81 
SO1  1.9412  1.7032  1.6543  1.6745  1.4747  1.3899  0.2667  0.2285  0.2643 
SO2  1.8194  1.5528  1.5575  1.7105  1.4485  1.4332  0.1090  0.1043  0.1242 
S03  2.0952  1.8762  1.6881  1.9731  1.7591  1.5985  0.1221  0.1171  0.0896 
SO4  1.8907  1.6517  1.4913  1.7767  1.5309  1.3903  0.1140  0.1208  0.1010 
S05  1.8968  1.6701  1.5633  1.7852  1.5647  1.4518  0.1116  0.1054  0.1116 
S06  1.9266  1.6077  1.5424  1.8270  1.5507  1.4496  0.0996  0.0570  0.0928 
SO7  1.9835  1.8015  1.6874  1.9038  1.7296  1.5972  0.0798  0.0719  0.0902 
SO8  1.8317  1.6244  1.5034  1.6603  1.4762  1.3759  0.1713  0.1482  0.1275 
S09  1.8969  1.6502  1.5403  1.7337  1.5139  1.3802  0.1632  0.1363  0.1601 
S10  1.8230  1.6022  1.4686  1.6350  1.4274  1.2968  0.1880  0.1748  0.1718 
SI 1  2.0901  1.8034  1.6998  1.9687  1.6867  1.5727  0.1214  0.1168  0.1271 
S12  1.9290  1.5934  1.5602  1.7561  1.4452  1.4362  0.1729  0.1482  0.1239 
S13  1.9309  1.7631  1.6770  1.7608  1.6146  1.4949  0.1701  0.1485  0.1821 
Mean  1.9273  1.6846  1.5872  1.7820  1.5556  1.4513  0.1454  0.1291  0.1359 
SD  0.0880  0.0981  0.0827  0.1099  0.1110  0.0923  0.0499  0.0439  0.0490 248 
Table K.61. Maximum, minimum, and range of absolute values for linear displacement 
variable-left ankle (medio-lateral). 
16X  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W 31  81 
SO1  1.7909  1.5311  1.4746  1.7909  1.5311  1.4746  0.0000  0.0000  0.0000 
SO2  1.5888  1.3473  1.3531  1.5888  1.3473  1.3531  0.0000  0.0000  0.0000 
S03  1.8119  1.5993  1.4925  1.8119  1.5993  1.4925  0.0000  0.0000  0.0000 
SO4  1.6822  1.4681  1.3246  1.6822  1.4681  1.3246  0.0000  0.0000  0.0000 
SO5  1.6378  1.4459  1.3494  1.6378  1.4459  1.3494  0.0000  0.0000  0.0000 
506  1.5812  1.3777  1.2977  1.5812  1.3777  1.2977  0.0000  0.0000  0.0000 
507  1.6551  1.5058  1.4074  1.6551  1.5058  1.4074  0.0000  0.0000  0.0000 
SO8  1.7032  1.4975  1.3319  1.7032  1.4975  1.3319  0.0000  0.0000  0.0000 
S09  1.6174  1.4899  1.3872  1.6174  1.4899  1.3872  0.0000  0.0000  0.0000 
510  1.6260  1.3863  1.2449  1.6260  1.3862  1.2449  0.0000  0.0000  0.0000 
511  1.7155  1.4277  1.4000  1.7155  1.4277  1.4000  0.0000  0.0000  0.0000 
512  1.6867  1.3518  1.3335  1.6867  1.3518  1.3335  0.0000  0.0000  0.0000 
S13  1.8123  1.6026  1.4477  1.8123  1.6026  1.4477  0.0000  0.0000  0.0000 
Mean	  1.6853  1.4639  1.3726  1.6853  1.4639  1.3726  0.0000  0.0000  0.0000 
0.0796  0.0851  0.0713  0.0796  0.0851  0.0713  0.0000  0.0000  0.0000 
Table K.62. Maximum, minimum, and range of absolute values for linear displacement 
variable-left ankle (antero-posterior). 
16Y  Maxmuz  Minimum	  Range 
IW  31  81 1W 31  81  1W  31  81 
SOl  0.2042  0.1529  0.0996  0.2042  0.1529  0.0996  0.0000  0.0000  0.0000 
SO2  0.5439  0.3907  0.3877  0.5439  0.3907  0.3877  0.0000  0.0000  0.0000 
S03  0.6770  0.4319  0.3148  0.6770  0.4319  0.3148  0.0000  0.0000  0.0000 
SO4  0.5342  0.2905  0.2326  0.5342  0.2905  0.2326  0.0000  0.0000  0.0000 
505  0.5392  0.4101  0.2749  0.5392  0.4101  0.2749  0.0000  0.0000  0.0000 
S06  0.7103  0.4772  0.3541  0.7103  0.4772  0.3541  0.0000  0.0000  0.0000 
S07  0.6932  0.5910  0.4026  0.6932  0.5910  0.4026  0.0000  0.0000  0.0000 
SOS  0.3474  0.2158  0.2096  0.3474  0.2158  0.2096  0.0000  0.0000  0.0000 
S09  0.4373  0.1962  0.0088  0.4373  0.1962  0.0088  0.0000  0.0000  0.0000 
S10  0.4105  0.2590  0.1970  0.4105  0.2590  0.1970  0.0000  0.0000  0.0000 
S11  ,  0.7749  0.6403  0.4717  0.7749  0.6403  0.4717  0.0000  0.0000  0.0000 
S12  0.5347  0.3040  0.2831  0.5347  0.3040  0.2831  0.0000  0.0000  0.0000 
S13  0.3041  0.2670  0.2144  0.3041  0.2670  0.2144  0.0000  0.0000  0.0000 
Mean !  0.5162  0.3559  0.2655  0.5162  0.3559  0.2655  0.0000  0.0000,  0.0000 
SD  0.1713  0.1504  0.1264  0.1713  0.1504  0.1264  0.0000  0.0000  0.0000 249 
Table K.63. Maximum, minimum, and range of absolute values for linear displacement 
variable-left ankle (vertical). 
16Z  Maximum  Minimum  Range 
1W  31  81 IW  31  81 1W  31  81 
SOl  0.0602  0.0041  0.0000  0.0602  0.0041  0.0000  0.0000  0.0000  0.0000 
S02  0.0145  0.0364  0.0181  0.0145  0.0364  0.0181  0.0000  0.0000  0.0000 
S03  0.0300  0.0232  0.0240  0.0300  0.0232  0.0240  0.0000  0.0000  0.0000 
SO4  0.0308  0.0317  0.0391  0.0308  0.0317  0.0391  0.0000  0.0000  0.0000 
S05  0.0384  0.0176  0.0177  0.0384  0.0176  0.0177  0.0000  0.0000  0.0000 
S06  0.0478  0.0015  0.0094  0.0478  0.0015  0.0094  0.0000  0.0000  0.0000 
507  0.0330  0.0082  0.0098  0.0330  0.0082  0.0098  0.0000  0.0000  0.0000 
508  0.0425  0.0043  0.0113  0.0425  0.0043  0.0113  0.0000  0.0000  0.0000 
SO9  0.0245  0.0121  0.0000  0.0245  0.0121  0.0000  0.0000  0.0000  0.0000 
SlO  0.0248  0.0115  0.0058  0.0248  0.0115  0.0058  0.0000  0.0000  0.0000 
SI I  0.0280  0.0168  0.0119  0.0280  0.0168  0.0119  0.0000  0.0000  0.0000 
512  0.0385  0.0051  0.0042  0.0385  0.0051  0.0042  0.0000  0.0000  0.0000 
S13  0.0135  0.0184  0.0058  0.0135  0.0184  0.0058  0.0000  0.0000  0.0000 
Mean  0.0328  0.0147  0.0121  0.0328  0.0147  0.0121  0.0000  0.0000  0.0000 
SD  0.0129  0.0108  0.0107  0.0129  0.0108  0.0107  0.0000  0.0000  0.0000 
Table K.64. Maximum, minimum, and range of absolute values for linear displacement 
variable-left ankle (resultant). 
16R  Maximum  Minimum_  Range 
1W  31  81 1W  31  81 1W 31  81 
SO!  1.8035  1.5387  1.4780  1.8035  1.5387  1.4780  0.0000  0.0000  0.0000 
502  1.6794  1.4032  1.4076  1.6794  1.4032  1.4076  0.0000  0.0000  0.0000 
503  1.9345  1.6567  1.5255  1.9345  1.6567  1.5255  0.0000  0.0000  0.0000 
SO4  1.7653  1.4969  1.3454  1.7653  1.4969,  1.3454  0.0000  0.0000  0.0000 
SO5  1.7247  1.5030  1.3772  1.7247  1.5030  1.3772  0.0000  0.0000  0.0000 
S06  1.7341  1.4580  1.3451  1.7341  1.4580  1.3451  0.0000  0.0000  0.0000 
S07  1.7947  1.6176  1.4639  1.7947  1.6176  1.4639  0.0000  0.0000  0.0000 
SO8  1.7388  1.5130  1.3483  1.7388  1.5130  1.3483  0.0000  0.0000  0.0000 
S09  1.6756  1.5028  1.3873  1.6756  1.5028  1.3873  0.0000  0.0000  0.0000 
510  1.6772  1.4103  1.2604  1.6772  1.4103  1.2604  0.0000  0.0000  0.0000 
SlI  1.8826  1.5648  1.4774  1.8826  1.5648  1.4774  0.0000  0.0000  0.0000 
S12  1.7698  1.3856  1.3632  1.7698  1.3856  1.3632  0.0000  0.0000  0.0000 
S13  1.8377  1.6248  1.4635  1.8377  1.6248  1.4635  0.0000  0.0000  0.0000 
Mean  1.7706  1.5135  1.4033  1.7706  1.5135  1.4033  0.0000  0.0000  0.0000 
SD  0.0796  0.0865  0.0742  0.0796  0.0865  0.0742  0.0000  0.0000  0.0000 250 
Table K.65. Maximum, minimum, and range of absolute values for linear displacement 
variable-left toe (medio-lateral). 
17X  Maximum  Minimum  Range 
1W  31  81 1W  31<  81  1W  31  81 
SO1  1.8284  1.6258  1.5456  1.8284  1.6258  1.5456  0.0000  0.0000  0.0000 
SO2  1.6850  1.3994  1.4292  1.6850  1.3994  1.4292  0.0000  0.0000  0.0000 
S03  1.9027  1.7303  1.5716  1.9027  1.7303  1.5716  0.0000  0.0000  0.0000 
SO4  1.7470  1.5632  1.4141  1.7470  1.5632  1.4141  0.0000  0.0000  0.0000 
SO5  1.6975  1.5470  1.4704  1.6975  1.5470  1.4704  0.0000  0.0000  0.0000 
S06  1.6577  1.4871  1.3777  1.6577  1.4871  1.3777  0.0000  0.0000  0.0000 
S07  1.7704  1.6024  1.5276  1.7704  1.6024  1.5276  0.0000  0.0000  0.0000 
S08  1.7177  1.5217  1.4021  1.7177  1.5217  1.4021  0.0000  0.0000  0.0000 
SO9  1.6832  1.5452  1.4310  1.6832  1.5452  1.4310  0.0000  0.0000  0.0000 
SIO  1.6677  1.4431  1.3248  1.6677  1.4431  1.3248  0.0000  0.0000  0.0000 
SII  1.7564  1.4712  1.4338  1.7564  1.4712  1.4338  0.0000  0.0000  0.0000 
S12  1.7220  1.4167  1.3729  1.7220  1.4167  1.3729  0.0000  0.0000  0.0000 
S13  1.8217  1.6406  1.5175  1.8217  1.6406  1.5175  0.0000  0.0000  0.0000 
Mean  1.7429  1.5380  1.4476  1.7429  1.5380  1.4476  0.0000  0.0000  0.0000 
0.0724  0.0959  0.0744  0.0724_  0.0959  0.0744  0.0000  0.0000  0.0000 
Table K.66. Maximum, minimum, and range of absolute values for linear displacement 
variable-left toe (antero-posterior). 
17Y  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  0.5322  0.4438  0.3898  0.5322  0.4438  0.3898  0.0000  0.0000  0.0000 
SO2  0.7772  0.6253  0.6137  0.7772  0.6253  0.6137  0.0000  0.0000  0.0000 
S03  0.9090  0.6643  0.5667  0.9090  0.6643  0.5667  0.0000  0.0000  0.0000 
SO4  0.7887  0.5216  0.4331  0.7887  0.5216  0.4331  0.0000  0.0000  0.0000 
SOS  0.8348  0.6349  0.4786  0.8348  0.6349  0.4786  0.0000  0.0000  0.0000 
S06  0.9819  0.7151  0.6004  0.9819  0.7151  0.6004  0.0000  0.0000  0.0000 
S07  0.8915  0.8139  0.5893  0.8915  0.8139  0.5893  0.0000  0.0000  0.0000 
S08  0.6602  0.5021  0.4260  0.6602  0.5021  0.4260  0.0000  0.0000  0.0000 
S09  0.6927  0.4565  0.2513  0.6927  0.4565  0.2513  0.0000  0.0000  0.0000 
SIO  0.6321  0.4873  0.4145  0.6321  0.4873  0.4145  0.0000  0.0000  0.0000 
SI I  1.0261  0.8619  0.6908  1.0261  0.8619  0.6908  0.0000  0.0000  0.0000 
S12  0.7740  0.5345  0.5343  0.7740  0.5345  0.5343  0.0000  0.0000  0.0000 
S13  0.5984  0.5291  0.4959  0.5984  0.5291  0.4959  0.0000  0.0000  0.0000 
Mean  0.7768  0.5993  0.4988  0.7768  0.5993  0.4988  0.0000  0.0000  0.0000 
SD  0.1505  0.1343  0.1172  0.1505  0.1343  0.1172_  0.0000  0.0000  0.0000 251 
Table K.67. Maximum, minimum, and range of absolute values for linear displacement 
variable-left toe (vertical). 
17Z  Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  0.0666  0.0145  0.0141  0.0666  0.0145  0.0141  0.0000  0.0000  0.0000 
S02  0.0000  0.0000  0.0026  0.0000  0.0000  0.0026  0.0000  0.0000  0.0000 
503  0.0159  0.0000  0.0127  0.0159  0.0000  0.0127  0.0000  0.0000  0.0000 
SO4  0.0210  0.0000  0.0000  0.0210  0.0000  0.0000  0.0000  0.0000  0.0000 
SOS  0.0422  0.0000  0.0039  0.0422  0.0000  0.0039  0.0000  0.0000  0.0000 
SO6  0.0461  0.0009  0.0000  0.0461  0.0009  0.0000  0.0000  0.0000  0.0000 
S07  0.0284  0.0120  0.0046  0.0284  0.0120  0.0046  0.0000  0.0000  0.0000 
S08  0.0391  0.0042  0.0000  0.0391  0.0042  0.0000  0.0000  0.0000  0.0000 
SO9  0.0099  0.0114  0.0231  0.0099  0.0114  0.0231  0.0000  0.0000  0.0000 
SIO  0.0052  0.0000  0.0018  0.0052  0.0000  0.0018  0.0000  0.0000  0.0000 
S II  0.0256  0.0032  0.0056  0.0256  0.0032  0.0056  0.0000  0.0000  0.0000 
S12  0.0035  0.0091  0.0178  0.0035  0.0091  0.0178  0.0000  0.0000  0.0000 
S13  0.0164  0.0044  0.0067  0.0164  0.0044  0.0067  0.0000  0.0000  0.0000 
Mean  0.0246  0.0046  0.0071  0.0246  0.0046  0.0071  0.0000  0.0000  0.0000 
0.0195  0.0053  0.0075  0.0195  0.0053  0.0075  0.0000  0.0000  0.0000 
Table K.68. Maximum, minimum, and range of absolute values for linear displacement 
variable-left toe (resultant). 
17R  Maximum  Minimum  Range  
1W 31  81 1W   31  81 1W  31  81 
SOI  1.9054  1.6853  1.5941  1.9054  1.6853  1.5941  0.0000  0.0000  0.0000 
SO2  1.8556  1.5327  1.5553  1.8556  1.5327  1.5553  0.0000  0.0000  0.0000 
503  2.1087  1.8534  1.6707  2.1087  1.8534  1.6707  0.0000  0.0000  0.0000 
SO4  1.9169  1.6480  1.4789  1.9169  1.6480  1.4789  0.0000  0.0000  0.0000 
SO5  1.8921  1.6722  1.5463  1.8921  1.6722  1.5463  0.0000  0.0000  0.0000 
SO6  1.9273  1.6501  1.5028  1.9273  1.6501  1.5028  0.0000  0.0000  0.0000 
SO7  1.9824  1.7973  1.6374  1.9824  1.7973  1.6374  0.0000  0.0000  0.0000 
SO8  1.8406  1.6024  1.4654  1.8406  1.6024  1.4654  0.0000  0.0000  0.0000 
SO9  1.8202  1.6113  1.4531  1.8202  1.6113  1.4531  0.0000  0.0000  0.0000 
S10  1.7835  1.5232  1.3881  1.7835  1.5232  1.3881  0.0000  0.0000  0.0000 
Sll  2.0343  1.7051  1.5915  2.0343  1.7051  1.5915  0.0000  0.0000  0.0000 
S12  1.8880  1.5142  1.4733  1.8880  1.5142  1.4733  0.0000  0.0000  0.0000 
S13  1.9175  1.7238  1.5965,  1.9175  1.7238  1.5965  0.0000  0.0000  0.0000 
Mean  1.9133  1.6553  1.5349  1.9133  1.6553  1.5349  0.0000  0.0000  0.0000 
SD  0.0881  0.1021  0.0822_  0.0881  0.1021  0.0822_  0.0000  0.0000  0.0000 252 
Table K.69. Maximum, minimum, and range of absolute values for linear displacement 
variable-grip (medio-lateral). 
18X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SOI  1.8464  1.6912  1.6411  0.8704  0.7620  0.7035  0.9760  0.9293  0.9376 
SO2  1.7487  1.4744  1.4563  0.7909  0.6411  0.5956  0.9578  0.8333  0.8607 
SO3  1.8978  1.7886  1.6158  0.8783  0.7480  0.6773  1.0196  1.0406  0.9385 
SO4  1.7331  1.5173  1.4453  0.8164  0.7065  0.6468  0.9167  0.8108  0.7985 
SO5  1.7532  1.6100  1.5450  0.8335  0.7199,  0.6599  0.9197  0.8901  0.8852 
S06  1.7139  1.5337  1.4553  0.8156  0.7243  0.6545  0.8983  0.8094  0.8007 
S07  1.7573  1.5928  1.4047  0.8598  0.7330  0.7123  0.8975  0.8599  0.6925 
SO8  1.7456  1.5751  1.4810  0.8393  0.6993  0.6109  0.9064  0.8758  0.8700 
S09  1.7604  1.5644  1.4541  0.9482  0.8050  0.6988  0.8122  0.7594  0.7553  
S10  1.7153  1.4708  1.3123  0.8295  0.6665  0.5687  0.8859  0.8043  0.7437  
SI I  1.6989  1.5006  1.4480  1.0439  0.8646  0.7400  0.6550  0.6359  0.7080  
S12  1.7204  1.3775  1.3017  0.9572  0.7609  0.6407  0.7632  0.6166  0.6610  
S13  1.7398  1.6412  1.5317  0.8636  0.7109  0.6108  0.8761  0.9303  0.9209  
Mean  1.7562  1.5644  1.4686  0.8728  0.7340  0.6554  0.8834  0.8304  0.8133  
SD  0.0557  0.1058  0.0997  0.0708  0.0576  0.0504_  0.0948  0.1157  0.0961  
Table K.70. Maximum, minimum, and range of absolute values for linear displacement 
variable-grip (antero-posterior). 
18Y  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  0.7646  0.6329  0.5125  0.3192  0.2241  0.1675  0.4454  0.4088  0.3449 
SO2  1.0309  0.8958  0.8060  0.5444  0.4849  0.4355  0.4866  0.4109  0.3705 
SO3  1.2058  0.8850  0.7815  0.6429  0.4608  0.4414  0.5629  0.4242  0.3401 
SO4  0.9870  0.7532  0.6499  0.5484  0.3577  0.3483  0.4386  0.3955  0.3016 
SO5  1.0110  0.8143  0.6836  0.4738  0.3494  0.2685  0.5371  0.4648  0.4150 
S06  1.2378  0.9333  0.7971  0.7144  0.5309  0.4766  0.5235  0.4025  0.3205 
SO7  1.1137  0.9607  0.7883  0.5370  0.4307  0.3977  0.5767  0.5300  0.3906 
SO8  0.8505  0.6501  0.5686  0.4633  0.3171  0.3088  0.3872  0.3330  0.2598 
SO9  0.8967  0.6542  0.5238  0.4351  0.2855  0.2683  0.4616  0.3687  0.2555 
SIO  0.8310  0.6180  0.5830  0.4561  0.3237  0.3133  0.3749  0.2943  0.2697 
SI I  1.2144  1.0213  0.8224  0.6656  0.5422  0.4278  0.5488  0.4791  0.3946 
812  0.9803  0.7994  0.6987  0.5391  0.4202  0.3644  0.4413  0.3792  0.3343 
S13  0.7771  0.6894  0.6260  0.3013  0.2912  0.3284  0.4757  0.3982  0.2976 
Mean  0.9924  0.7929  0.6801  0.5108  0.3860  0.3497  0.4816  0.4069  0.3304 
SD  0.1647  0.1378  0.1119  0.1224  0.1000  0.0868  0.0649  0.0610  0.0525 253 
Table K.71. Maximum, minimum, and range of absolute values for linear displacement 
variable-grip (vertical). 
18Z  Maximum  Minimum  Range 
I W 31  81 1W  31  81  I W 31  81 
SO1  1.8896  1.7833  1.7043  0.7857  0.7178  0.6732  1.1039  1.0655  1.0311 
SO2  1.5290  1.5421  1.5251  0.5732  0.6021  0.5780  0.9558  0.9400  0.9470 
S03  1.6068  1.5761  1.5260  0.6537  0.5964  0.6035  0.9531  0.9797  0.9225 
SO4  . 6367  1.5802  1.5250  0.6689  0.6303  0.6171  0.9678  0.9500  0.9080 1 
S05  1.6944  1.6807  1.6632  0.6660  0.6299  0.5921  1.0284  1.0507  1.0711  
SO6  1.5669  1.5245  1.4860  0.6436  0.6043  0.5994  0.9233  0.9201  0.8866  
S07  1.6669  1.6267  1.5896  0.7032  0.6500  0.6735  0.9637  0.9767  0.9161  
S08  1.6556  1.5741  1.4809  0.7460  0.6609  0.6139  0.9095  0.9132  0.8670  
S09  1.7027  1.6231  1.6026  0.7446  0.7269  0.7270  0.9581  0.8963  0.8756  
SlO  1.5402  1.5233  1.5039  0.6892  0.6435  0.6298  0.8510  0.8798  0.8741  
S 1I  1.5387  1.5403  1.5142  0.6430  0.6258  0.6319  0.8956  0.9145  0.8824  
S12  1.6965  1.6266  1.5198  0.7628  0.6956  0.6687_  0.9336  0.9310  0.8511  
S I 3  1.7711  1.7681  1.6860  0.7361  0.7132  0.6697  1.0350  1.0549  1.0163  
Mean  1.6535  1.6130  1.5636  0.6936  0.6536  0.6368  0.9599  0.9594  0.9268  
SD  0.1030  0.0858  0.0775  0.0599  0.0458  0.0427  0.0657  0.0624  0.0701  
Table K.72. Maximum, minimum, and range of absolute values for linear displacement 
variable-grip (resultant). 
18R  Maximum  Minimum  Range 
IW 31  81  I W 31 SI 1W 31  81 
SOI  2.2489  2.0643  1.9416_  1.4594  1.3097  1.2330  0.7895  0.7546  0.7086 
SO2  2.0794  1.9313  1.8878,  1.4207  1.2507  1.1690  0.6586  0.6807  0.7189 
S03  2.2897  2.0260  1.8390  1.6083  1.3932  1.2943  0.6814  0.6329  0.5447 
SO4  2.1099  1.9184  1.8106_  1.5544  1.3592  1.2544  0.5555  0.5592  0.5562 
SO5  2.2418  2.1246  2.0201  1.5235  1.3340  1.2425  0.7183  0.7906  0.7776 
S06  2.1352  1.9096  1.8039  1.5302,  1.3223  1.2044  0.6050  0.5873  0.5995 
S07  2.1609  2.0010  1.8354  1.6133  1.4342  1.3669  0.5476  0.5668  0.4685 
S08  2.0881  1.9079  1.7172  1.4359  1.2503  1.1653  0.6521  0.6576  0.5519 
S09  2.1608  1.9412  1.8323  1.5606  1.3675  1.2714  0.6002  0.5737  0.5609 
SIO  2.0174  1.8324  1.7453  1.4132  1.2455  1.1660  0.6042  0.5869  0.5793 
S 11  2.1773  1.9988  1.8934  1.6779  1.4679  1.3312  0.4994  0.5309  0.5622 
S12  2.2727  1.9553  1.7622  1.6170  1.3942  1.2851  0.6557  0.5611  0.4771 
S13  2.1371  2.0617  1.8966  1.4709  1.3717,  1.2717  0.6662  0.6899  0.6248 
Mean  2.1630  1.9748  1.8450  1.5296  1.3462  1.2504  0.6334  0.6286  0.5946 
SD  0.0816  0.0804  0.0832  0.0851  0.0700  0.0630  0.0767  0.0810  0.0917 254 
Table K.73. Maximum, minimum, and range of absolute values for linear displacement 
variable-club head (medio-lateral). 
19X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOI  2.2491  1.9994  1.7712  0.0000  0.0000  0.0000  2.2491  1.9994  1.7712 
S02  2.2339  1.8134  1.7838  0.0000  0.0000  0.0000  2.2339  1.8134  1.7838 
S03  2.1255  1.8910  1.6370  0.0000  0.0000  0.0000  2.1255  1.8910  1.6370 
SO4  2.1529  1.8634  1.6789  0.0000  0.0000  0.0000  2.1529  1.8634  1.6789 
SO5  2.2208  1.9821  1.8562  0.0000  0.0000  0.0000  2.2208  1.9821  1.8562 
S06  2.0229  1.8608  1.6734  0.0000  0.0000  0.0000  2.0229  1.8608  1.6734 
SO7  2.1602  1.9028  1.6853  0.0000  0.0000  0.0000  2.1602  1.9028  1.6853 
S08  2.1591  1.8645  1.4944  0.0000  0.0000  0.0000  2.1591  1.8645  1.4944 
S09  2.3302  1.9889  1.7611  0.0000  0.0000  0.0000  2.3302  1.9889  1.7611 
S10  2.2556  1.9425  1.7042  0.0000  0.0000  0.0000  2.2556  1.9425  1.7042 
Sit  2.4701  2.1249  1.9790  0.0000  0.0000  0.0000  2.4701  2.1249  1.9790 
S12  2.4993  1.9395  1.7242  0.0000  0.0000  0.0000  2.4993  1.9395  1.7242 
S13  2.1426  2.0880  1.7282  0.0000  0.0000  0.0000  2.1426  2.0880  1.7282 
Mean  2.2325  1.9432  1.7290  0.0000  0.0000  0.0000  2.2325  1.9432  1.7290 
SD  0.1349  0.0919  0.1141  0.0000  0.0000  0.0000  0.1349  0.0919  0.1141 
Table K.74. Maximum, minimum, and range of absolute values for linear displacement 
variable-club head (antero-posterior). 
I9Y  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.2907  0.9832  0.8340  0.0000  0.0000  0.0000  1.2907  0.9832  0.8340 
SO2  1.6533  1.3108  1.1651  0.0000  0.0000  0.0000  1.6533  1.3108  1.1651 
S03  1.8218  1.3601  1.1438  0.0000  0.0000  0.0000  1.8218  1.3601  1.1438 
SO4  1.6617  1.1807  1.0077  0.0000  0.0000  0.0000  1.6617  1.1807  1.0077 
S05  1.6212  1.2395  1.0268  0.0000  0.0000  0.0000  1.6212  1.2395  1.0268 
SO6  1.8217  1.3655  1.1651  0.0000  0.0000  0.0000  1.8217  1.3655  1.1651 
507  1.7139  1.4281  1.1470  0.0000  0.0000  0.0000  1.7139  1.4281  1.1470 
S08  1.4163  1.0869  0.9415  0.0000  0.0000  0.0000  1.4163  1.0869  0.9415 
S09  1.5155  1.0635  0.8088  0.0000  0.0000  0.0000  1.5155  1.0635  0.8088 
SIO  1.4502  1.1316  0.9860  0.0000  0.0000  0.0000  1.4502  1.1316  0.9860 
SI I  1.9161  1.5612  1.2670  0.0000  0.0000  0.0000  1.9161  1.5612  1.2670 
S12  1.5428  1.1515  1.0524  0.0000  0.0000  0.0000  1.5428  1.1515  1.0524 
S13  1.4231  1.1716  1.0048  0.0000  0.0000  0.0000  1.4231  1.1716  1.0048 
Mean  1.6037  1.2334  1.0423  0.0000  0.0000  0.0000  1.6037  1.2334  1.0423 
SD  0.1852  0.1637  0.1342  0.0000  0.0000  0.0000  0.1852  0.1637  0.1342 255 
Table K.75. Maximum, minimum, and range of absolute values for linear displacement 
variable-club head (vertical). 
19Z  Maximum  Minimum  Range 
1W  31  81 1W 31  81  I W 31  81 
SO1  2.5457  2.3341  2.2379  0.0000  0.0000  0.0054  2.5457  2.3341  2.2325  
SO2  2.0000  1.9799  1.9249  0.0024  0.0195  0.0000  1.9976  1.9603  1.9249  
S03  2.3629,  2.2394  2.1659  0.0000  0.0074  0.0000  2.3629  2.2319  2.1659  
SO4  2.0651  2.0060  1.9552  0.0000  0.0110  0.0136  2.0651  1.9950  1.9415  
S05  2.2223  2.1514  2.0941  0.0000  0.0049  0.0159  2.2223  2.1465  2.0782  
S06  2.0184,  1.9790  1.9552  0.0000  0.0055  0.0069  2.0184  1.9735  1.9483  
S07  2.2164  2.1297  2.1239  0.0000  0.0000  0.0000  2.2164  2.1297  2.1239  
S08  2.2116  2.0931  2.0368  0.0000  0.0125  0.0032,  2.2116  2.0807  2.0336  
S09  2.3778  2.2678  2.1818  0.0000  0.0000  0.0065  2.3778  2.2678  2.1753  
S 10  2.2156  2.1294  2.0991  0.0000  0.0072  0.0047  2.2156  2.1222  2.0944  
S 1 1  2.1308  2.0371  2.0618  0.0000  0.0000  0.0000  2.1308  2.0371  2.0618  
S12  2.2461  2.1229  2.0054  0.0000  0.0000  0.0118,  2.2461  2.1229  1.9936  
S13  2.4724  2.3226  2.2169  0.0000  0.0000  0.0089  2.4724  2.3226  2.2080  
Mean  2.2373  2.1379  2.0815  0.0002  0.0052  0.0059  2.2371  2.1326  2.0755  
SD  0.1666  0.1225  0.1028_  0.0007  0.0062  0.0054_  0.1669  0.1262  0.1035  
Table K.76. Maximum, minimum, and range of absolute values for liner displacement 
variable-club head (resultant). 
I 9R  Maximum  Minimum  Range  
1W  31  81 1W  31  81 I W 31  81  
SO1  3.0368  2.7857  2.6285  0.9326  0.8727  0.7671  2.1042  1.9130  1.8614  
SO2  2.7346  2.4913  2.4480  0.9308  0.9067  0.7011  1.8038  1.5845  1.7469  
S03  3.0072  2.7420  2.5657  1.0094  0.8936  0.7621  1.9978  1.8484  1.8036  
SO4  2.8350  2.5356  2.4614  1.1959  1.0293  0.8784  1.6391  1.5063  1.5830  
S05  2.9094  2.6912  2.5456  1.1262  0.9178  0.8395  1.7832  1.7735  1.7062  
S06  2.8292  2.5793  2.4525  0.9321  0.8330  0.7591  1.8970  1.7462  1.6934  
SO7  2.9085  2.6858  2.5820  1.1340  0.9942  0.9038  1.7745  1.6916  1.6783  
S08  2.8097,  2.5735  2.4327  1.0114  0.8496  0.8492  1.7983  1.7239  1.5835  
SO9  3.0002  2.7716  2.6111  1.1564  0.9400  0.8962  1.8438  1.8316  1.7149  
SIO  2.8380  2.6256  2.5330  1.0253  0.8370  0.8371  1.8127  1.7887  1.6959  
S 11  3.0418  2.6952  2.6510  1.2509  1.1232  0.9906  1.7909  1.5720  1.6604  
S12  2.9979  2.5997  2.5051  1.1430  1.0886  0.9231  1.8548  1.5111  1.5820  
S13  2.9504  2.7860  2.5900  1.0193  1.0356  1.0274  1.9312  1.7504  1.5626  
Mean  2.9153  2.6586  2.5390  1.0667  0.9478  0.8565  1.8486  1.7109  1.6825  
SD  0.0992_  0.0985  0.0737  0.1070_  0.0972  0.0945  0.1153  0.1306  0.0901  256 
Appendix L. Maximum, Minimum, and Range of Absolute Values 
for Linear Velocity Variables Across Subjects 257 
Table L.1. Maximum, minimum, and range of absolute values for linear velocity 
variable-golf ball (medio-lateral). 
OIX  Maximum  Minimum  Range 
1W 31  81 1W 31  81  LW 31  81 
SO1  0.000  0.000  0.000  -74.281  -59.778  -48.126  74.281  59.778  48.126 
SO2  0.000  0.000  0.000  -58.294  -43.286  -41.532  58.294  43.286  41.532 
SO3  0.000  0.000  0.000  -66.455  -57.426  -42.892  66.455  57.426  42.892 
SO4  0.000  0.000  0.000  -61.237  -48.394  -39.845  61.237  48.394  39.845 
S05  0.000  0.000  0.040  -59.275  -50.365  -38.777  59.275  50.365  38.817 
SO6  0.000  0.000  0.000  -58.219  -50.310  -38.748  58.219  50.310  38.748 
S07  0.000  0.000  0.000  -57.475  -50.417  -37.518  57.475  50.417  37.518 
508  0.000  0.000  0.000  -63.215  -57.438  -41.877  63.215  57.438  41.877 
S09  0.000  0.000,  0.000  -57.708  -55.639  -41.184  57.708  55.639  41.184 
S10  0.000  0.000,  0.000  -58.199  -50.578  -37.999  58.199  50.578  37.999 
S11  0.000  0.000  0.000  -56.369  -49.343  -41.568  56.369  49.343  41.568 
S12  0.000  0.000  0.000  -54.611  -48.606  -38.156  54.611  48.606  38.156 
S13  0.000,  0.000  0.000  -66.811  -59.083  -45.634  66.811  59.083  45.634 
Mean  0.000  0.000  0.003  -60.934  -52.359  -41.066  60.934  52.359  41.069 
SD  0.000  0.000  0.011  5.448_  4.990  3.133_  5.448  4.990  3.130 
Table L.2. Maximum, minimum, and range of absolute values for linear velocity 
variable-golf ball (antero-posterior). 
01"/  Maximum  Minimum  Range 
1W 31  81 1W 31  81  I W  31  81 
SO I  28.365  25.945  19.842  0.000  0.000  0.000,  28.365  25.945  19.842 
SO2  28.479  24.337  21.539  -1.171  0.000  0.000  29.650  24.337  21.539 
SO3  31.725  25.860  19.190  0.000  0.000  0.000  31.725  25.860  19.190 
SO4  27.143  22.394  21.262  0.000  0.000  0.000  27.143  22.394  21.262 
SO5  30.719  28.188,  19.160  0.000  0.000  0.000  30.719  28.188  19.160 
S06  28.026  26.417  22.405  0.000  -2.813  0.000  28.026  29.230  22.405 
SO7  25.143  28.562  17.467  0.000  0.000  0.000  25.143  28.562  17.467 
SOS  25.851  30.854  20.814  0.000  0.000  0.000  25.851  30.854  20.814 
SO9  37.032  26.125  20.607  -0.566  0.000  -2.728  37.598  26.125  23.335 
S10  28.768  32.084  18.636  0.000  0.000  0.000  28.768  32.084  18.636 
S II  31.115  26.889  24.268  -1.028  0.000  0.000  32.143  26.889  24.268 
S12  34.049  25.388  29.388  0.000  -2.788  -0.022  34.049  28.176  29.410 
S13  34.376  30.788  28.970  0.000  0.000  -2.756  34.376  30.788  31.726 
Mean  30.061  27.218  21.811  -0.213  -0.431  -0.424  30.274  27.649  22.235 
SD  3.524  2.780  3.704  0.424  1.052  1.029  3.624  2.758  4.189 258 
Table L.3. Maximum, minimum, and range of absolute values for linear velocity 
variable-golf ball (vertical). 
01Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  16.328  10.643  14.588  0.000  0.000  0.000  16.328  10.643  14.588 
SO2  9.692  10.669  12.436  0.000  0.000  0.000  9.692  10.669  12.436 
SO3  12.855  10.800  15.820  0.000  0.000  0.000  12.855  10.800  15.820 
SO4  8.219  10.534  14.977  0.000  0.000  0.000  8.219  10.534  14.977 
S05  19.890  9.797  20.295  0.000  0.000  -0.188  19.890  9.797  20.483 
SO6  12.917  10.736  15.753  0.000  0.000  0.000  12.917  10.736  15.753 
S07  10.287  10.648  18.232  0.000  -0.907  0.000  10.287  11.556  18.232 
SO8  10.786  7.365  13.768  0.000  -0.209  0.000  10.786  7.575  13.768 
S09  6.491  10.434  11.670  0.000  0.000  0.000  6.491  10.434  11.670 
S10  5.353  7.461  15.708  0.000  0.000  0.000  5.353  7.461  15.708 
SI I  11.230  7.663  11.928  0.000  0.000  0.000  11.230  7.663  11.928 
S12  5.673  8.812  12.665  -0.087  0.000  0.000  5.760  8.812  12.665 
S13  9.576  6.752  9.686  0.000  0.000  0.000  9.576  6.752  9.686 
Mean  10.715  9.409  14.425  -0.007  -0.086  -0.014  10.722  9.495  14.439 
4.145  1.561  2.864  0.024  0.254  0.052  4.136  1.618  2.896 
Table L.4. Maximum, minimum, and range of absolute values for linear velocity 
variable-golf ball (resultant). 
OIR  Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SOI  76.170  61.412  50.824  0.000  0.000  0.000  76.170  61.412  50.824 
SO2  65.358  50.145  48.409  0.000  0.000  0.000  65.358  50.145  48.409 
SO3  74.154  62.957  49.580  0.000  0.000  0.000  74.154  62.957  49.580 
SO4  66.135  54.201  46.595  0.000  0.000  0.000  66.135  54.201  46.595 
SO5  66.478  57.825  46.763  0.000  0.000  0.000  66.478  57.825  46.763 
S06  65.892  57.829  46.507  0.000  0.000  0.000  65.892  57.829  46.507 
S07  63.572  57.311  44.637  0.000  0.000  0.000  63.572  57.311  44.637 
S08  68.429  65.291  48.045  0.000  0.000  0.000  68.429  65.291  48.045 
SO9  68.631  61.063,  47.315  0.000  0.000  0.000  68.631  61.063  47.315 
SIG  65.141  59.483  45.010  0.000  0.000  0.000  65.141  59.483  45.010 
SII  64.696  56.245  48.867  0.000  0.000  0.000  64.696  56.245  48.867 
S12  64.605  55.241  49.077  0.000  0.000  0.000  64.605  55.241  49.077 
S13  75.354  66.288  54.901  0.000,  0.000  0.000  75.354  66.288  54.901 
Mean  68.047  58.869  48.195  0.000  0.000  0.000  68.047  58.869  48.195 
4.346  4.539  2.679  0.000  0.000  0.000  4.346  4.539  2.679 259 
Table L.5. Maximum, minimum, and range of absolute values for linear velocity 
variable-head (medio-lateral). 
02X  Maximum  Minimum  Range  
1W  31  81 1W   31  81 IW  31  81 
SO1  0.262  0.223  0.163  -1.076  -0.744  -0.783  1.338  0.966  0.946 
S02  0.497  0.326  0.488  -0.410  -0.612  -0.651  0.907  0.937  1.139 
S03  -0.006  0.178  0.056  -0.290  -0.223  -0.222  0.285  0.401  0.278 
SO4  0.199  0.279  0.187  -0.510  -0.448  -0.155  0.709  0.728  0.341 
SOS  0.268  0.446  0.405  -0.557  -0.335  -0.422  0.825  0.781  0.827 
S06  0.517  0.316  0.268  -0.409  -0.259  -0.176  0.926  0.575  0.444 
S07  0.375  0.430  0.309  -0.375  -0.291  -0.261  0.750  0.721  0.570 
S08  0.475  0.408  0.312  -0.612  -0.562  -0.307  1.087  0.971  0.619 
SO9  0.359  0.207  0.124  -0.747  -0.677  -0.651  1.106  0.884  0.775 
SlO  0.433  0.367  0.355  -1.037  -0.770  -0.801  1.470  1.137  1.156 
511  0.350  0.281  0.280  -0.693  -0.408  -0.416  1.043  0.689  0.697 
512  0.311  0.422  0.130  -0.834  -0.963  -0.443  1.145  1.385  0.573 
S13  0.328  0.319  0.377  -1.963  -0.856  -0.420  2.291  1.175  0.797 
Mean  0.336  0.323  0.266  -0.732  -0.550  -0.439  1.068  0.873  0.705 
SD  0.140  0.088  0.127  0.444  0.242  0.221  0.473  0.265  0.274 
Table L.6. Maximum, minimum, and range of absolute values for linear velocity 
variable-head (antero-posterior). 
02Y  Maximum  Minimum  Range 
1W  31  81 IW  31  81 IW  31  81 
SOI  0.232  0.263  0.073  -0.133  -0.124  -0.185  0.365  0.387  0.257 
SO2  0.167  0.785  0.052  -0.180  -0.196  -0.138  0.347  0.980  0.190 
SO3  0.306  0.204  -0.027  -0.247  -0.239  -0.269  0.553  0.443  0.242 
SO4  -0.022  0.472  0.034  -0.339  -0.436  -0.427  0.317  0.909  0.461 
SOS  0.138  0.142  0.190  -0.184  -0.128  -0.293  0.322  0.271  0.484 
S06  0.670  0.087  0.073  -0.239  -0.242  -0.394  0.909  0.329  0.467 
SO7  0.381  0.270  0.073  -0.120  -0.147  -0.182  0.501  0.417  0.255 
S08  -0.002  0.124  0.094  -0.224  -0.241  -0.364  0.222  0.365  0.457 
SO9  0.058  0.072  0.147  -0.227  -0.210  -0.180  0.284  0.282  0.327 
SIO  0.193  0.142  0.284  -0.161  -0.070  -0.105  0.355  0.213  0.390 
511  0.021  -0.020  -0.019  -0.262  -0.249  -0.289  0.282  0.229  0.270 
S12  0.248  0.307  0.118  -0.540  -0.586  -0.375  0.788  0.892  0.493 
S13  0.594  0.569  0.040  -0.141  -0.132  -0.317  0.735  0.700  0.357 
Mean  0.229  0.263  0.087  -0.230  -0.231  -0.271  0.460  0.494  0.358 
SD  0.216  0.226  0.084  0.111  0.140  0.104  0.221  0.277  0.107 260 
Table L.7. Maximum, minimum, and range of absolute values for linear velocity 
variable-head (vertical). 
02Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOl  0.088  0.135  0.090  -0.162  -0.339  -0.086  0.251  0.474  0.176 
SO2  0.071  0.134  0.112  -0.412  -0.150  -0.082  0.483  0.284  0.194 
SO3  0.023  0.075  0.075  -0.207  -0.052  -0.094  0.230  0.127  0.169 
SO4  0.161  0.407  0.188  -0.039  -0.051  -0.035  0.199  0.458  0.223 
SO5  0.191  0.192  0.239  -0.216  -0.318  -0.234  0.407  0.510  0.474 
S06  0.120  0.150  0.175  -0.032  -0.011  0.044  0.152  0.161  0.131 
S07  0.269  0.158  0.155  -0.513  -0.348  -0.145  0.782  0.506  0.300 
S08  0.122  0.142  0.187  -0.062  -0.046  -0.045  0.184  0.188  0.232 
S09  0.218  0.184  0.405  -0.076  -0.061  -0.050  0.294  0.245  0.455 
SIO  0.102  0.041  0.240  -0.272  -0.234  -0.211  0.374  0.274  0.451 
S 1 I  0.219  0.345  0.221  -0.197  -0.279  -0.229  0.415  0.623  0.450 
S12  0.062  0.174  0.085  -0.315  -0.225  -0.177  0.377  0.398  0.262 
S13  0.052  0.072  0.079  -0.724  -0.332  -0.434  0.776  0.404  0.513 
Mean  0.131  0.170  0.173  -0.248  -0.188  -0.137  0.379  0.358  0.310 
SD  0.075  0.103  0.093  0.203  0.130  0.123  0.204  0.155  0.138 
Table L.8. Maximum, minimum, and range of absolute values for linear velocity 
variable-head (resultant). 
02R  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
501  1.102  0.825  0.788  0.020  0.024  0.037  1.083  0.801  0.751 
SO2  0.591  1.003  0.657  0.107  0.087  0.045  0.484  0.916  0.613 
SO3  0.405  0.239  0.301  0.032  0.054  0.064  0.373  0.186  0.237 
SO4  0.540  0.715  0.465  0.065  0.079  0.022  0.475  0.637  0.443 
S05  0.565  0.512  0.454  0.015  0.028  0.047  0.550  0.484  0.407 
S06  0.792  0.392  0.431  0.075  0.126  0.103  0.717  0.266  0.328 
S07  0.575  0.524  0.321  0.082  0.103  0.125  0.493  0.421  0.196 
SO8  0.614  0.571  0.404  0.121  0.092  0.060  0.493  0.479  0.344 
S09  0.753  0.727  0.720  0.066  0.025  0.056  0.687  0.702  0.664 
SlO  1.057  0.771  0.834  0.011  0.015  0.039  1.046  0.756  0.795 
SI I  0.734  0.558  0.553  0.084  0.081  0.070  0.650  0.477  0.483 
S12  0.900  1.009  0.448  0.043  0.019  0.015  0.857  0.990  0.432 
S13  2.171  1.001  0.586  0.041  0.055  0.035  2.129  0.946  0.551 
Mean  0.831  0.681  0.536  0.059  0.061  0.055  0.772  0.620  0.480 
SD  0.452  0.242  0.172  0.035  0.037  0.031  0.464  0.258  0.187 261 
Table L.9. Maximum, minimum, and range of absolute values for linear velocity 
variable-neck (medio-lateral). 
03X  Maximum  Minimum	  Range -
1W  31  81 1W  31  81 1W  31  81 
SO1  0.291  0.263  0.179  -1.320  -1.284  -0.676  1.611  1.548  0.855 
S02  0.542  0.378  0.482  -0.284  -0.231  -0.228  0.826  0.608  0.711 
S03  0.302  0.249  0.099  -0.194  -0.238  -0.209  0.496  0.487  0.308 
SO4  0.347  0.252  0.197  -0.203  -0.138  -0.145  0.550  0.390  0.341 
SO5  0.528  0.512  0.462  -0.107  -0.157  -0.129  0.636  0.669  0.591 
SO6  0.581  0.582  0.468,  -0.364  -0.266  -0.180  0.945  0.848  0.648 
SO7  0.664  0.666  0.498  -0.241  -0.318  -0.203  0.905  0.984  0.701 
S08  0.728  0.544  0.343  -0.942  -0.209  -0.147  1.669  0.753  0.490 
S09  0.231  0.217  0.197  -0.206  -0.220  -0.131  0.436  0.437  0.327 
S10  0.507  0.423  0.278  -0.941  -0.574  -0.384  1.448  0.997  0.662 
S11  0.673  0.528  0.184  -0.618  -0.426  -0.273  1.291  0.954  0.456 
S12  0.287  0.815  0.323  -0.702  -0.293  -0.245  0.988  1.108  0.568 
S13  0.346  0.267  0.406  -1.150  -0.941  -0.352  1.496  1.208  0.757 
Mean	  0.464  0.438  0.316  -0.559  -0.407  -0.254  1.023  0.845  0.570 
SD  0.170  0.188  0.138  0.413  0.341  0.150  0.437  0.335  0.175 
Table L.10. Maximum, minimum, and range of absolute values for linear velocity 
variable-neck (antero-posterior). 
03Y  Maximum  Minimum  Range  
1W 3  81 1W   31  81 1W  31  81 
SO1  0.253  0.411  0.138  -0.208  -0.143  -0.086  0.461  0.554  0.224 
SO2  0.205  0.239  0.047  -0.114  -0.294  -0.103  0.319  0.534  0.150 
S03  0.371  0.321  0.027  -0.084  -0.206  -0.136  0.454  0.527  0.164 
SO4  0.032  0.022  0.064  -0.343  -0.378  -0.260  0.375  0.399  0.324 
S05  0.135  0.434  0.150  -0.245  -0.333  -0.234  0.380  0.767  0.385 
S06  -0.009  0.059  0.125  -0.416  -0.364  -0.455  0.407  0.423  0.581 
S07  0.135  0.149  0.073  -0.099  -0.133  -0.221  0.235  0.282  0.294 
SO8  0.044  0.078  0.038  -0.350  -0.382  -0.219  0.393  0.460  0.257 
509  0.047  0.064  0.049  -0.282  -0.388  -0.401  0.330  0.452  0.450 
SlO  0.208  0.072  0.097  -0.064  -0.119  -0.067  0.272  0.191  0.163 
SI1  0.213  0.125  0.034  -0.385  -0.309  -0.156  0.598  0.434  0.190 
S12  0.006  0.108  0.137  -0.235  -0.616  -0.305  0.241  0.724  0.442 
S13  0.235  0.276  0.035  -0.116  -0.135  -0.168  0.350  0.411  0.202 
Mean  0.144  0.181  0.078  -0.226  -0.292  -0.216  0.370  0.474  0.294 
0.115  0.140  0.046  0.123  0.143  0.118  0.099  0.156  0.135 262 
Table L.11. Maximum, minimum, and range of absolute values for linear velocity 
variable-neck (vertical). 
03Z  Maximum  Minimum  Range  
1W 31  81   1W  31  81 1W  31  81 
SOI  0.220  0.140  0.050  -0.311  -0.121  -0.085  0.531  0.261  0.135 
SO2  0.053  0.061  0.052  -0.306  -0.196  -0.146  0.358  0.256  0.198 
S03  0.062  0.066  0.098  -0.330  -0.215  -0.195  0.391  0.281  0.293 
SO4  0.277  0.229  0.224  -0.094  -0.070  -0.044  0.372  0.299  0.268 
SO5  0.198  0.132  0.180  -0.340  -0.322  -0.437  0.537  0.454  0.617 
SO6  0.343  0.190  0.162  -0.040  -0.145  -0.006  0.383  0.335  0.169 
S07  0.403  0.410  0.600  -0.661  -0.559  -0.331  1.064  0.969  0.931 
S08  0.504  0.232  0.084  -0.152  -0.230  -0.188  0.656  0.462  0.271 
SO9  0.372  0.132  0.659  -0.116  -0.167  -0.206  0.488  0.299  0.864 
SlO  0.593  0.556  0.311  -0.354  -0.312  -0.336  0.948  0.868  0.647 
SI I  0.360  0.600  0.499  -0.304  -0.306  -0.158  0.664  0.907  0.657 
S12  0.194  0.032  0.289  -0.200  -0.154  -0.168  0.394  0.186  0.457 
S13  0.050  0.056  0.040  -0.295  -0.475  -0.118  0.345  0.531  0.158  
Mean  0.279  0.218  0.250  -0.269  -0.252  -0.186  0.549  0.470  0.436  
SD  0.171  0.189  0.213  0.158  0.141  0.122  0.231  0.272  0.278  
Table L.12. Maximum, minimum, and range of absolute values for linear velocity 
variable-neck (resultant). 
03R  Maximum  Minimum  Range  
IW  31  81 1W   31  81 1W  31  81 
SOl  1.363  1.347  0.685  0.051  0.043  0.063  1.311  1.305  0.622 
SO2  0.592  0.505  0.483  0.046  0.050  0.009  0.546  0.455  0.474 
S03  0.448  0.328  0.232  0.044  0.069  0.083  0.404  0.259  0.149 
SO4  0.454  0.489  0.363  0.043  0.054  0.027  0.411  0.435  0.336 
SO5  0.635  0.583  0.578  0.074  0.072  0.062  0.561  0.511  0.516 
S06  0.725  0.701  0.651  0.112  0.103  0.043  0.614  0.598  0.608 
SO7  0.771  0.825  0.704  0.110  0.104  0.056  0.661  0.721  0.647 
SO8  1.067  0.622  0.432  0.073  0.036  0.027  0.994  0.586  0.406 
SO9  0.444  0.416  0.717  0.026  0.029  0.058  0.418  0.387  0.659 
SIO  1.115  0.798  0.488  0.067  0.005  0.021  1.049  0.794  0.467 
511  0.775  0.742  0.568  0.061  0.061  0.039  0.714  0.680  0.529 
512  0.729  1.020  0.462  0.045  0.012  0.044  0.684  1.007  0.417 
S13  1.156  0.983  0.433  0.023  0.019  0.014  1.132  0.964  0.419 
Mean  0.790  0.720  0.523  0.059  0.051  0.042  0.731  0.669  0.481 
SD  0.298  0.281  0.145  0.028_  0.032  0.022  0.297  0.290  0.143 263 
Table L.13. Maximum, minimum, and range of absolute values for linear velocity 
variable-right shoulder (medio-lateral). 
04X  Maximum  Minimum  Range  
1W  31  81 1W 31  81  31  1W  81 
SO1  1.006  0.854  0.504  -1.348  -0.965  -1.089  2.354  1.819  1.593 
SO2  0.424  0.292  0.437  -0.433  -0.295  -0.555  0.857  0.588  0.992 
S03  1.051  0.430  0.404  -0.642  -0.470  -0.866  1.693  0.900  1.270 
SO4  0.463  0.831  0.666  -0.834  -0.951  -0.872  1.297  1.783  1.538 
SOS  0.804  0.684  0.571  -0.979  -1.143  -0.767  1.783  1.828  1.337 
S06  0.636  0.564  0.663  -1.190  -0.877  -1.006  1.826  1.442  1.669 
SO7  0.643  0.712  0.654  -1.027  -0.958  -0.772  1.670  1.671  1.426 
S08  0.872  0.764  0.575  -1.131  -0.708  -0.779  2.003  1.472  1.354 
S09  0.480  0.802  0.522  -0.916  -1.109  -0.624  1.396  1.910  1.146 
S10  0.855  0.820  0.681  -1.436  -1.885  -1.436  2.291  2.704  2.117 
S11  0.663  0.855  0.683  -1.265  -1.674  -1.415  1.927  2.528  2.099 
S12  0.553  0.644  0.613  -2.026  -1.786  -0.824  2.579  2.430  1.437 
S13  0.811  0.525  0.344  -2.206  -1.029  -0.638  3.017  1.554  0.982 
Mean  0.712  0.675  0.563  -1.187  -1.065  -0.896  1.899  1.741  1.458 
0.205  0.177  0.114  0.498_  0.476  0.277  0.570  0.599  0.356 
Table L.14. Maximum, minimum, and range of absolute values for linear velocity 
variable-right shoulder (antero-posterior). 
04Y  Maximum  Minimum  Range  
1W  31  81 1W   31  81 1W  31  81 
SOI  2.358  2.944  2.397  -0.666  -0.483  -0.360  3.024  3.428  2.757 
502  1.411  1.489  1.368  -0.290  -0.346  -0.498  1.702  1.835  1.866 
SO3  2.323  1.973  2.338  -0.792  -0.688  -0.614  3.115  2.660  2.953 
SO4  2.127  1.598  1.783  -0.630  -0.345  -0.449  2.757  1.943  2.232 
SO5  1.451  1.480  1.226  -0.483  -0.388  -0.410  1.935  1.868  1.637 
S06  1.322  1.241  1.231  -0.369  -0.343  -0.351  1.690  1.584  1.582 
S07  2.046  1.869  1.546  -0.457  -0.522  -0.490  2.503  2.391  2.036 
SO8  2.453  2.083  2.115  -0.536  -1.140  -0.503  2.989  3.222  2.618 
509  2.215  1.897  1.745  -0.662  -0.672  -0.931  2.877  2.568  2.676 
S10  2.162  1.587  1.747  -0.626  -0.570  -0.495  2.788  2.158  2.242 
S11  1.714  1.618  1.402  -0.453  -0.577  -0.578  2.167  2.195  1.980 
512  2.074  1.985  2.023  -0.569  -0.332  -0.393  2.643  2.317  2.416 
S13  2.151  2.418  1.819  -0.438  -0.429  -0.437  2.589  2.846  2.255 
Mean  1.985  1.860  1.749  -0.536  -0.526  -0.501  2.521  2.386  2.250 
0.381  0.450  0.391  0.139_  0.223  0.151  0.494  0.548  0.427 264 
Table L.15. Maximum, minimum, and range of absolute values for linear velocity 
variable-right shoulder (vertical). 
04Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W 31  81 
SO1  0.648  0.747  0.551  -2.087  -2.097  -2.153  2.735  2.844  2.703 
SO2  0.347  0.330  0.308  -1.295  -1.599  -1.497  1.642  1.929  1.805 
SO3  0.575  0.596  0.563  -1.767  -1.601  -2.044  2.342  2.197  2.606 
SO4  0.688  0.595,  0.631  -1.650  -1.741  -1.737  2.338  2.336  2.368 
SO5  0.595  0.738  0.691  -1.271  -1.523  -1.896  1.866  2.261  2.587 
S06  0.440  0.311  0.413  -1.021  -1.345  -1.120  1.461  1.657  1.534 
SO7  0.479  0.524  0.544  -1.268  -1.263  -1.075  1.747  1.787  1.619 
SO8  0.464  0.511  0.557  -1.851  -1.604  -1.630  2.316  2.115  2.187 
SO9  0.569  0.446  0.663  -1.604  -1.801  -1.552  2.172  2.247  2.216 
S10  0.326  0.527  0.501  -1.773  -1.310  -1.663  2.098  1.836  2.164 
S11  0.388  0.353  0.420  -1.184  -1.382  -1.391  1.572  1.735  1.811 
S12  0.440  0.462  0.466  -1.416  -1.664  -1.516  1.856  2.126  1.982 
S13  0.267  0.368  0.373  -2.502  -2.208  -1.666  2.769  2.576  2.039 
Mean  0.479  0.501  0.514  -1.591  -1.626  -1.611  2.070  2.127  2.125 
SD  0.129  0.143  0.115  0.411  0.287  0.314  0.422  0.343  0.375 
Table L.16. Maximum, minimum, and range of absolute values for linear velocity 
variable-right shoulder (resultant). 
04R  Maximum  Minimum  Range . 
1W  31  81 1W 31  81 1W  31  81 
SO1  2.847  3.293  2.674  0.172  0.045  0.024  2.675  3.247  2.650 
SO2  1.813  1.792  1.755  0.072  0.109  0.194  1.741  1.683  1.560 
S03  2.421  2.094  2.339  0.162  0.108  0.045  2.258  1.986  2.294 
SO4  2.362  2.044  1.934  0.019  0.110  0.206  2.343,  1.933  1.728 
SOS  1.848  1.901  2.284  0.224  0.210  0.089  1.624  1.691  2.194 
S06  1.518  1.497  1.571  0.106  0.111  0.129  1.412  1.386  1.442 
S07  2.172  1.988  1.644  0.162  0.170  0.048  2.010  1.818  1.596 
S08  2.605  2.305  2.428  0.066  0.090  0.221  2.539  2.215  2.207 
SO9  2.333  2.240  1.905  0.145  0.103  0.120  2.188  2.138  1.785 
S10  2.386  2.375  2.474  0.259  0.292  0.169  2.127  2.083  2.306 
S11  2.060  2.280  2.329  0.053  0.299  0.112  2.007  1.981  2.216 
S12  2.385  2.227  2.101  0.227  0.207  0.118  2.158  2.020  1.983 
S13  2.649  2.615  2.283  0.140  0.136  0.025  2.510  2.479  2.258 
Mean  2.262  2.204  2.132  0.139  0.153  0.115  2.123  2.051  2.017 
SD  0.371  0.433  0.343  0.073  0.078  0.068  0.368  0.451  0.363 265 
Table L.17. Maximum, minimum, and range of absolute values for linear velocity 
variable-right elbow (medio-lateral). 
05X  Maximum  Minimum  Range  
1W 31  81 IW 31  81  31  1W  81 
SO1  3.093  2.896  2.930  -1.263  -0.817  -0.586  4.357  3.713  3.517 
SO2  2.662  2.758  2.878  -0.605  -0.897  -1.250  3.267  3.655  4.128 
S03  2.660  2.792  2.537  -0.907  -0.980  -0.818  3.567  3.772  3.355 
SO4  2.630  3.916  2.791  -0.927  -0.803.  -0.767  3.557  4.719  3.557 
SO5  2.170  2.064  2.174  -0.688  -1.387  -0.996  2.857  3.452  3.170 
S06  1.995  1.810  1.805  -0.620  -0.685  -0.501  2.615  2.495  2.306 
S07  1.883  1.851  1.661  -0.748  -0.791  -0.828  2.632  2.642  2.489 
SO8  2.418  2.326  2.660  -0.922  -1.229  -0.918  3.341  3.555  3.578 
S09  1.735  2.851  2.631  -0.844,  -0.968  -0.900  2.579  3.819  3.531 
S10  2.700  1.895  2.053  -0.733  -0.741  -0.782  3.433  2.636  2.835 
SI I  3.011  2.658  2.715  -2.367  -2.017  -1.697  5.378  4.674  4.412 
S12  2.604  2.566  2.079  -1.693  -1.028  -0.544  4.297  3.594  2.623 
S13  2.934  3.478  3.010  -0.870  -0.979  -1.047  3.804  4.457  4.056 
Mean	  2.500  2.605  2.456  -1.015  -1.025  -0.895  3.514  3.630  3.351 
SD  0.434_  0.630  0.448  0.501  0.356  0.318  0.810  0.725  0.648 
Table L.18. Maximum, minimum, and range of absolute values for linear velocity 
variable-right elbow (antero-posterior). 
05Y  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  3.171  2.989  3.091  -0.645  -0.696  -0.515  3.817  3.685  3.606 
SO2  1.973  2.749  1.727  -0.536  -0.493  -0.398  2.509  3.242  2.125 
S03  3.308  2.363  2.398  -1.130  -0.983  -0.720  4.438  3.346  3.118 
SO4  4.271  3.291  3.106  -0.899  -0.718  -0.611  5.171  4.009  3.717 
505  2.669  2.627  3.011  -0.855  -0.912  -0.750  3.524  3.539  3.761 
S06  2.951  2.336  2.215  -0.753  -0.794  -0.646  3.703  3.129  2.861 
S07  2.251  2.434  2.034  -1.077  -1.056  -1.058  3.328  3.491  3.092 
SO8  3.164  2.396  1.896  -0.929  -0.754  -0.693  4.093  3.150  2.589 
S09  3.433  3.330  2.696  -1.083  -0.859  -0.846  4.516  4.189  3.542 
510  3.551  3.790  3.663  -0.708  -0.600  -0.549  4.259  4.390  4.211 
SI I  4.315  4.571  3.769  -1.154  -1.029  -0.914  5.469  5.599  4.683 
S12  3.714  2.799  3.137  -0.644  -0.526  -0.517  4.359  3.325  3.654 
S13  3.822  4.019  3.977  -1.002  -0.704  -0.751  4.825  4.723  4.728 
Mean  3.276  3.053  2.825  -0.878  -0.779  -0.690  4.155  3.832  3.515 
SD  0.702_  0.711  0.734  0.206  0.183  0.181  0.795  0.731  0.764 266 
Table L.19. Maximum, minimum, and range of absolute values for linear velocity 
variable-right elbow (vertical). 
05Z  Maximum  Minimum  Range 
IW  31  81 1W  31  81 1W  31  81 
SOI  1.217  1.159  0.967  -4.050  -3.773  -3.061  5.267  4.933  4.028 
SO2  0.656  0.675  0.696  -3.007  -3.671  -3.096  3.663  4.346  3.792 
SO3  1.117  1.087  1.053  -3.632  -3.159  -3.058  4.749  4.246  4.112 
SO4  1.116  1.163  1.132  -2.394  -2.513  -2.509  3.510  3.677  3.642 
SO5  1.150  1.139  1.132  -3.235  -3.229  -3.123  4.385  4.369  4.254 
S06  0.999  1.087  0.811  -3.161  -2.906  -2.598  4.160  3.993  3.409 
S07  0.977  0.781  0.931  -2.704  -3.053  -2.568  3.681  3.834  3.499  
SO8  1.172  1.078  1.203  -3.716  -3.880  -3.127  4.888  4.958  4.330  
S09  0.975  1.161  1.179  -3.380  -3.603  -3.056  4.355  4.764  4.236  
SI 0  0.857  0.879  0.882  -3.567  -3.511  -2.961  4.424  4.389  3.843  
SI I  0.945  0.850  1.062  -3.489  -3.884  -3.690  4.434  4.735  4.752  
S12  0.896  0.941  1.069  -3.760  -3.500  -3.124  4.656  4.441  4.193  
S13  0.848  1.063  0.998  -5.616  -4.480  -3.373  6.463  5.543  4.372  
Mean  0.994  1.005  1.009  -3.516  -3.474  -3.027  4.510  4.479  4.035  
SD  0.159  0.162  0.149  0.775  0.506  0.324  0.774  0.509  0.383  
Table L.20. Maximum, minimum, and range of absolute values for linear velocity 
variable-right elbow (resultant). 
05R  Maximum  _Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SO1  4.832  4.058  3.701  0.184  0.096  0.082  4.648  3.962  3.618 
SO2  3.712  4.153  3.815  0.182  0.172  0.134  3.530  3.981  3.682 
S03  4.316  4.096  3.554  0.131  0.147  0.243  4.186  3.950  3.312 
SO4  5.014  5.295  4.196  0.165  0.295  0.112  4.850  5.000  4.083 
SO5  3.617  3.455  3.486  0.227  0.229  0.242  3.390  3.227  3.244 
S06  3.449  3.220  3.176  0.410  0.602  0.117  3.039  2.618  3.059 
SO7  3.576  3.632  3.125  0.175  0.107  0.062  3.401  3.525  3.063 
S08  4.086  4.222  3.287  0.147  0.182  0.090  3.940  4.039  3.197 
S09  3.896  4.378  3.770  0.319  0.147  0.118  3.577  4.231  3.653 
SIO  4.484  3.997  4.176  0.309  0.181  0.289  4.175  3.816  3.887 
S11  5.286  4.747  4.505  0.199  0.338  0.360  5.087  4.408  4.145 
S12  4.584  3.870  3.663  0.326  0.162  0.221  4.258  3.708  3.442 
S13  6.232  5.729  4.430  0.346  0.230  0.164  5.886  5.499  4.266 
Mean  4.391  4.219  3.760  0.240  0.222  0.172  4.151  3.997  3.588 
SD  0.805  0.700  0.453  0.090  0.133  0.091_  0.805  0.726  0.413 267 
Table L.21. Maximum, minimum, and range of absolute values for linear velocity 
variable-right wrist (medio-lateral). 
06X  Maximum  - Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  8.830  7.575  7.982  -2.283  -2.157  -2.027  11.113  9.732  10.009 
S02  6.911  6.343  6.872  -3.009  -1.912  -2.271  9.920  8.255  9.143 
S03  8.005  7.119  7.021  -2.281  -2.196  -2.286  10.286  9.314  9.306 
SO4  7.019  7.370  6.109  -2.282  -1.878  -1.875  9.301  9.247  7.984 
SOS  7.514  7.486  7.330  -3.456  -3.117  -2.736  10.970  10.603  10.067 
S06  7.463  7.361  7.075  -1.614  -1.689  -1.470  9.077  9.050  8.546 
SO7  6.830  6.594  6.521  -2.485  -2.218  -2.111  9.315  8.813  8.632 
S08  7.671  6.546  6.487  -2.216  -1.843  -1.593  9.887  8.389  8.081 
SO9  6.919  6.430  5.963  -2.467  -1.943  -1.866  9.386  8.373  7.829 
510  6.946  6.958  6.374  -2.743  -2.828  -2.117  9.690  9.785  8.491 
511  8.314  6.416  5.981  -3.336  -3.753  -3.717  11.650  10.169  9.698 
S12  7.096  5.723  5.225,  -4.320  -3.357  -2.459  11.416  9.080  7.684 
S13  8.139  8.400  7.602  -2.359  -2.444  -1.944  10.498  10.845  9.547 
Mean  7.512  6.948  6.657  -2.681  -2.410  -2.190  10.193  9.358  8.847 
SD  0.643_  0.700  0.757  0.698  0.653  0.570  0.869  0.834  0.834 
Table L.22. Maximum, minimum, and range of absolute values for linear velocity 
variable-right wrist (antero-posterior). 
06Y  Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SOI  3.790  2.319  2.117  -1.699  -1.234  -0.479  5.489  3.553  2.596 
SO2  3.715  2.499  2.363  -2.353  -1.906  -1.462  6.068  4.406  3.825 
S03  4.386  3.151  2.261  -1.931  -1.760  -1.743  6.317  4.912  4.004 
SO4  3.312  3.003  2.193  -0.924  -0.708  -0.744  4.236  3.711  2.937 
S05  3.841  2.760  2.815  -1.406  -1.397  -1.691  5.247  4.157  4.506 
S06  3.170  3.010  1.963  -1.617  -2.117  -2.033  4.787  5.127  3.996 
S07  4.258  3.932  2.905  -1.600  -1.626  -1.334  5.858  5.558  4.239 
S08  2.622  2.272  1.315  -1.966  -1.126  -1.831  4.587  3.397  3.145 
S09  4.431  2.810  2.266  -1.173  -1.021  -1.378  5.604  3.831  3.644 
SIO  4.072  3.112  2.699  -0.853  -0.750  -1.081  4.925  3.862  3.780 
Sll  4.655  3.817  3.150  -1.476  -1.308  -1.017  6.131  5.126  4.167 
S12  3.975  3.237  2.460  -1.209  -2.143  -1.120  5.184  5.380  3.580 
S13  4.426  2.551  2.002  -1.767  -2.114  -1.960  6.193  4.665  3.962 
Mean  3.896  2.959  2.347  -1.537  -1.478  -1.375  5.433  4.437  3.722 
SD  0.584  0.512  0.477  0.428  0.508  0.475  0.670  0.738  0.544 268 
Table L.23. Maximum, minimum, and range of absolute values for linear velocity 
variable-right wrist (vertical). 
06Z  Maximum  Minimum  Range 
IW  31  81 1W  31  81 IW  31  81 
SOI  3.235  2.852  2.883  -7.482  -7.011  -6.636  10.717  9.864  9.519 
SO2  1.746  1.600  1.743  -6.195  -6.581  -6.305  7.941  8.181  8.048 
S03  2.688  2.634  2.767  -6.813  -6.150  -6.372  9.501  8.784  9.139 
SO4  2.824  2.558  2.612  -5.929  -5.835  -5.833  8.753  8.393  8.445 
SO5  2.873  3.120  2.836  -6.720  -6.508  -7.188  9.593  9.628  10.025 
S06  2.423  2.296  2.283  -5.129  -5.349  -5.662  7.552  7.646  7.945 
S07  2.584  2.742  2.770  -6.318  -6.271  -6.193  8.903  9.013  8.963 
SO8  2.646  2.501  2.461  -6.480  -6.569  -6.297  9.126  9.070  8.759 
SO9  2.777  2.823  2.701  -5.770  -6.532  -6.466  8.547  9.355  9.167 
S I 0  2.043  2.188  2.339  -6.724  -6.982  -7.005  8.767  9.170  9.344 
S 1I  2.236  2.192  2.349  -6.161  -6.127  -6.875  8.397  8.320  9.224 
S12  2.068  1.960  2.159  -5.948  -6.122  -5.552  8.016  8.082  7.711 
S13  2.270  2.722  2.609,  -8.122  -8.588  -7.557  10.392  11.310  10.167 
Mean  2.493  2.476  2.501  -6.445  -6.510  -6.457  8.939  8.986  8.958 
SD  0.410  0.415  0.323  0.766_  0.768  0.593  0.928  0.951  0.760 
Table L.24. Maximum, minimum, and range of absolute values for linear velocity 
variable-right wrist (resultant). 
06R  Maximum  Minimum  Range 
IW  31  81 1W  31  81 IW  31  81 
SOI  9.192  9.382  9.081  0.178  0.062  0.192  9.014  9.320  8.890  
SO2  7.808  7.708  7.595  0.185  0.159  0.060  7.623  7.549  7.535  
S03  8.964  8.294  8.379  0.405  0.496  0.365  8.559  7.798  8.014  
SO4  7.491  7.568  6.938  0.151  0.105  0.203  7.340  7.463  6.735  
SO5  8.363  7.866  7.817  0.072  0.275  0.284  8.291  7.591  7.533  
S06  7.637  7.759  7.544  0.415  0.640  0.284  7.222  7.119  7.259  
S07  8.146  7.736  7.488  0.047  0.228  0.020  8.100  7.507  7.468  
SO8  8.045  8.097  7.564,  0.274  0.219  0.203  7.771  7.878  7.361  
S09  7.468  7.595  7.132  0.419  0.109  0.246  7.049  7.486  6.886  
SIO  8.607  8.044  8.051  0.454  0.177  0.324  8.153  7.867  7.727  
S 1 I  8.373  7.693  7.636  0.409  0.666  0.289  7.965  7.027  7.347  
S12  7.233  7.032  6.495  0.174  0.026  0.247  7.058  7.006  6.248  
S13  9.890  9.729  9.133  0.257  0.360  0.225  9.633  9.369  8.908  
Mean  8.247  8.039  7.758  0.265  0.271  0.226  7.983  7.768  7.532  
SD  0.769  0.741_  0.762  0.142_  0.211  0.097_  0.772  0.756  0.756  269 
Table L.25. Maximum, minimum, and range of absolute values for linear velocity 
variable-right hip (medio-lateral). 
07X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO!  1.036  0.639  1.041  -0.196  -0.075  -0.143  1.232  0.714  1.184 
SO2  0.962  0.729  0.573  -0.128  -0.172  -0.031  1.091  0.901  0.604 
S03  0.816  0.593  0.352  -0.110  -0.057  -0.022  0.926  0.650  0.374 
SO4  0.959  1.011  0.806  -0.143  -0.237  -0.106  1.102  1.248  0.912 
SO5  1.118  1.427  0.676  -0.044  -0.183  -0.092  1.161  1.610  0.767 
S06  1.080  0.715  0.894  -0.143  -0.082  -0.150  1.224  0.797  1.043 
SO7  0.738  0.655  0.531  -0.081  -0.021  -0.058  0.819  0.676  0.589 
SOS  1.270  1.214  0.989  -0.197  -0.163  -0.122  1.467  1.377  1.111 
509  1.070  0.805  1.238  -0.035  -0.150  -0.066  1.104  0.954  1.304 
SIO  1.087  1.201  1.051  -0.163  -0.090  -0.148  1.251  1.291  1.200 
SI 1  1.140  1.045  0.800  -0.080  -0.293  -0.158  1.220  1.339  0.957 
S12  1.496  1.765  0.731  -0.174  -0.207  -0.110  1.670  1.972  0.841 
S13  0.804  1.042  0.909  -0.131  -0.181  -0.185  0.935  1.223  1.094 
Mean  1.044  0.988  0.815  -0.125  -0.147_  -0.107  1.169  1.135  0.922 
SD  0.202  0.349  0.244  0.053  0.078  0.051  0.225  0.397  0.276 
Table L.26. Maximum, minimum, and range of absolute values for linear velocity 
variable-right hip (antero-posterior). 
on  Maximum  Minimum  Range 
1W 31  81 1W  31  81  1W  31  81 
SO1  1.592  1.472  0.948  -0.407  -0.366  -0.158  1.999  1.838  1.106 
SO2  0.822  1.456  1.231  -0.083  -0.162  -0.169  0.905  1.618  1.400 
S03  1.349  1.326  1.212  -0.161  -0.200  -0.263  1.510  1.526  1.475 
SO4  1.784  2.061  0.952  -0.201  -0.091  -0.197  1.985  2.152  1.150 
S05  1.552  1.592  2.202  -0.075  -0.159  -0.372  1.626  1.751  2.573 
S06  1.954  1.250  1.396  -0.222  -0.122  -0.091  2.177  1.373  1.488 
S07  1.110  0.810  1.092  -0.190  -0.161  -0.197  1.300  0.971  1.288 
SOS,  2.113  1.489  1.104  -0.122  -0.178  -0.164  2.235  1.667  1.268 
S09 r  1.329  2.357  1.271  -0.177  -0.116  -0.134  1.507  2.474  1.405 
S10  1.525  1.412  1.160  -0.175  -0.170  -0.173  1.699  1.582  1.333 
SII  1.581  1.112  1.477  -0.115  -0.060  -0.103  1.696  1.172  1.580 
S12  1.485  1.140  1.922  -0.102  -0.083  -0.095  1.587  1.222  2.018 
S13  1.953  1.444  1.522  -0.156  -0.148  -0.073  2.109  1.593  1.595 
Mean  1.550  1.455  1.345  -0.168  -0.155  -0.168  1.718  1.611  1.514 
SD  0.356  0.397  0.368  0.085  0.075  0.081_  0.380  0.401  0.393 270 
Table L.27. Maximum, minimum, and range of absolute values for linear velocity 
variable-right hip (vertical). 
07Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  0.132  0.081  0.046  -0.343  -0.452  -0.251  0.475  0.533  0.297 
SO2  0.255  0.132  0.172  -0.172  -0.249  -0.255  0.427  0.381  0.428 
S03  0.729  0.043  0.230  -0.444  -0.253  -0.227  1.173  0.296  0.458 
SO4  0.509  0.149  0.101  -0.327  -0.399  -0.187  0.836  0.548  0.288 
SO5  0.269  0.180  0.162  -0.346  -0.453  -0.369  0.615  0.634  0.531 
S06  0.237  0.297  0.465  -0.309  -0.315  -0.427  0.546  0.612  0.892 
S07  0.811  0.668  0.523  -0.425  -0.400  -0.337  1.236  1.068  0.860 
S08  0.389  0.283  0.096  -0.112  -0.294  -0.187  0.501,  0.577  0.283 
S09  0.083  0.289  0.047  -0.523  -0.607  -0.536  0.606  0.896  0.582 
510  0.547  0.152  0.851  -0.476  -0.409  -0.375  1.023  0.561  1.226 
SlI  1.062  0.368  0.141  -0.298  -0.369  -0.280  1.360  0.737  0.421 
S12  0.211  0.550  0.334  -0.525  -0.377  -0.347  0.736  0.927  0.681 
S13  0.476  0.133  0.065  -0.358  -0.220  -0.234  0.834  0.353  0.299 
Mean  0.439  0.256  0.249  -0.358  -0.369  -0.309  0.798  0.625  0.557 
0.290  0.184  0.238  0.124  0.105  0.102  0.312  0.230  0.288 
Table L.28. Maximum, minimum, and range of absolute values for linear velocity 
variable-right hip (resultant). 
07R  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.604  1.504  1.409  0.018  0.066  0.003  1.586  1.438  1.406 
SO2  1.266  1.598  1.236  0.021  0.035  0.053  1.245  1.563  1.183 
S03  1.736  1.453  1.243  0.052  0.051  0.040  1.684  1.402  1.204 
SO4  1.864  2.073  1.097  0.137  0.084  0.032  1.727  1.989  1.065 
S05  1.632  1.707  2.209  0.024  0.066  0.028  1.608  1.642  2.181 
S06  2.073  1.353  1.462  0.037  0.019  0.054  2.036  1.334  1.408 
S07  1.272  1.144  1.293  0.047  0.047  0.027  1.225  1.098  1.266 
S08  2.325  1.552  1.353  0.057  0.026  0.036  2.268  1.526  1.318 
S09  1.582  2.399  1.636  0.057  0.017  0.055  1.525  2.381  1.582 
510  1.631  1.429  1.391  0.050  0.060  0.086  1.580  1.369  1.305 
Sll  1.906  1.344  1.487  0.011  0.050  0.051  1.895  1.294  1.437 
S12  1.786  1.926  1.975  0.092  0.038  0.029  1.695  1.888  1.946 
S13  2.010  1.784  1.664  0.025  0.036  0.038  1.984  1.748  1.625 
Mean  1.745  1.636  1.497  0.048  0.046  0.041  1.697  1.590  1.456 
SD  0.300  0.341  0.311  0.034  0.020  0.020  0.296  0.343  0.314 271 
Table L.29. Maximum, minimum, and range of absolute values for linear velocity 
variable-right knee (medio-lateral). 
08X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.096  0.820  0.986  -0.385  -0.395  -0.369  1.481  1.215  1.355 
S02  0.835  1.544  1.048_  -0.098  -0.222  -0.076  0.933  1.765  1.123 
S03  0.987  1.345  0.894  -0.202  -0.208  -0.130  1.189  1.553  1.023 
SO4  0.976  1.668  1.679  -0.133  -0.122  -0.263  1.109  1.790  1.941 
S05  1.153  1.214  1.205  -0.107  -0.246  -0.123  1.261  1.461  1.328 
S06  0.996  0.607  1.063  -0.240  -0.212  -0.076  1.237  0.820  1.139 
S07  1.515  1.238  0.705  -0.237  -0.102  -0.178  1.752  1.340  0.883 
S08  1.194  1.206  1.127  -0.257  -0.190  -0.154  1.450  1.396  1.281 
S09  1.411  0.932  0.890  -0.291  -0.185  -0.127  1.702  1.118  1.018 
S10  1.465'  1.285  1.282  -0.163  -0.118  -0.202  1.628  1.403  1.484 
S11  1.009  1.133  0.892  -0.449  -0.283  -0.158  1.458  1.415  1.050 
S12  1.245  1.641  1.185  -0.266  -0.203  -0.243  1.511  1.843  1.428 
S13  0.978  1.540  0.726  -0.135  -0.131  -0.124  1.112  1.671  0.850 
Mean  1.143  1.244  1.052  -0.228  -0.201  -0.171  1.371  1.445  1.223 
SD  0.213  0.319  0.258  0.106  0.079  0.082  0.251  0.290  0.295 
Table L.30. Maximum, minimum, and range of absolute values for linear velocity 
variable-right knee (antero-posterior). 
08Y  Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SOI  1.234  1.185  0.835  -0.467  -0.366  -0.284  1.701  1.551  1.119 
SO2  0.343  0.662  0.309  -0.122  -0.999  -0.237  0.466  1.661  0.546 
S03  0.902  0.672  0.867  -0.096  -0.274  -0.125  0.997  0.946  0.992 
SO4  0.537  0.565  0.681  -0.191  -0.167  -0.343  0.727  0.733  1.023 
SO5  0.681  0.712  0.975  -0.098  -0.244  -0.187  0.779  0.956  1.162 
S06  1.079  1.096  0.676  -0.404  -0.080  -0.179  1.483  1.176  0.855 
S07  1.058  0.853  0.736  -0.678  -0.277  -0.096  1.736  1.129  0.833 
S08  1.118  0.908  0.540  -0.133  -0.161  -0.066  1.251  1.068  0.607 
S09  1.027  1.135  0.788  -0.281  -0.177  -0.254  1.308  1.311  1.041 
SW  1.259  1.004  1.633  -0.239  -0.292  -0.181  1.498  1.296  1.814 
S11  0.545  0.674  0.842  -0.138  -0.237  -0.136  0.683  0.911  0.978 
S12  1.197  1.111  0.875  -0.149  -0.257  -0.116  1.346  1.368  0.991 
S13  0.920  0.640  0.378  -0.108  -0.354  -0.124  1.028  0.993  0.502 
Mean  0.915  0.863  0.780  -0.239  -0.299  -0.179  1.154  1.162  0.959 
SD  0.297  0.222  0.323  0.177  0.225  0.081  0.408  0.267  0.334 272 
Table L.31. Maximum, minimum, and range of absolute values for linear velocity 
variable-right knee (vertical). 
08Z  Maximum  Minimum  Range 
1W  31  81 1W 31  81 IW 31  81 
SOl  0.109  0.052  0.024  -0.340  -0.383  -0.565  0.448  0.435  0.589 
SO2  0.427  0.298  0.170  -0.135  -0.234  -0.233  0.562  0.532  0.403 
S03  0.659  0.434  0.156  -0.535  -0.654  -0.251  1.194  1.088  0.406 
SO4  0.193  0.060  0.073  -0.183  -0.502  -0.356  0.376  0.561  0.429 
S05  0.314  0.417  0.064  -0.166  -0.226  -0.687  0.481  0.642  0.751 
S06  0.069  0.203  0.067  -0.202  -0.124  -0.477  0.271  0.327  0.544  
S07  0.211  0.177  0.054  -0.330  -0.166  -0.303  0.540  0.342  0.357  
S08  0.483  0.666  0.052  -0.188  -0.314  -0.243  0.670  0.980  0.295  
S09  1.014  0.073  0.090  -0.629  -0.134  -0.469  1.642  0.207  0.559  
S10  0.488  0.116  0.878  -0.257  -0.164  -0.271  0.745  0.281  1.149  
S11  1.237  0.504  0.243  -0.287  -0.127  -0.279  1.524  0.632  0.522  
S12  0.062  0.088  0.368  -0.537  -0.231  -0.217  0.599  0.319  0.585  
S13  0.436  0.067  0.040  -0.404  -0.230  -0.249  0.840  0.297  0.290  
Mean  0.438  0.243  0.175  -0.323  -0.268  -0.354  0.761  0.511  0.529  
SD  0.358  0.203  0.233  0.161  0.159  0.149  0.432  0.271  0.228  
Table L.32. Maximum, minimum, and range of absolute values for linear velocity 
variable-right knee (vertical). 
08R  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOl  1.290  1.342  1.164  0.017  0.048  0.033  1.273  1.294  1.131 
SO2  0.875  1.863  1.060  0.011  0.010  0.015  0.863  1.853  1.045 
S03  1.265  1.408  0.982  0.061  0.147  0.032  1.204  1.261  0.950 
SO4  0.981  1.743  1.718  0.063  0.057  0.046  0.918  1.685  1.672 
SOS  1.233  1.298  1.337  0.016  0.058  0.034  1.217  1.240  1.304 
S06  1.163  1.189  1.165  0.026  0.011  0.035  1.137  1.178  1.130 
S07  1.673  1.269  0.882  0.024  0.017  0.037  1.649  1.252  0.845 
S08  1.439  1.536  1.227  0.060  0.008  0.032  1.379  1.529  1.195  
S09  1.740  1.432  1.191  0.097  0.017  0.089  1.643  1.415  1.101  
S10  1.504  1.456  1.694  0.055  0.023  0.020  1.449  1.433  1.674  
S11  1.684  1.148  0.900  0.027  0.057  0.010  1.657  1.092  0.890  
S12  1.442  1.752  1.420  0.050  0.020  0.035  1.391  1.732  1.385  
S13  1.166  1.554  0.803  0.023  0.007  0.023  1.143  1.546  0.780  
Mean  1.343  1.461  1.196  0.041,  0.037  0.034  1.302  1.424  1.162  
SD  0.268  0.222  0.288  0.026  0.039  0.019  0.260  0.233  0.285  273 
Table L.33. Maximum, minimum, and range of absolute values for linear velocity 
variable-right ankle (medio-lateral). 
09X  Maximum  Minimum	  Range 
1W  31  81 1W  31  81 1W  31  81 
SO I  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO5  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO6  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S08  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO9  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SIO  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S1 I  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S12  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S13  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Mean	  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
0.000_  0.000  0.000  0.000_  0.000  0.000  0.000  0.000  0.000 
Table L.34. Maximum, minimum, and range of absolute values for linear velocity 
variable-right ankle (antero-posterior). 
09Y  Maximum  Minimum	  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO3  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO5  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S06  -,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S0 7  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO8  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S09  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S 10  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S I I  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S I 2 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Sll  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
\ lean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SD  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 274 
Table L.35. Maximum, minimum, and range of absolute values for linear velocity 
variable-right ankle (vertical). 
09Z  Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W 31  81 
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO5  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S06  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S08  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S09  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S10  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Sli  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S12  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S13  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SD  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Table L.36. Maximum, minimum, and range of absolute values for linear velocity 
variable-right ankle (resultant). 
09R  Maximum  Minimum  Range 
1W 31  81 1W 31  81 I W 31  81 
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO3  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S05  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S06  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S08  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S09  0.000  0.000  0.000  0.000  0.000  0.000,  0.000  0.000  0.000 
S 10  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S I  1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S I 2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S I 3  0.000  0.000.  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
\ lean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SI)  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 275 
Table L.37. Maximum, minimum, and range of absolute values for linear velocity 
variable-right toe (medio-lateral). 
10X  Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W 31  81 
SOI  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S02  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4 ,,,;-ii  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
A SOS  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO6  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S08  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO9  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S10  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SlI  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S12 4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S 13 4  0 000 0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 a. 
Meatkri  0.000  0.000  0.000,  0.000  0.000  0.000  0.000  0.000  0.000 
SD  0.000  0.000  0.000  0.000  0.000'  0.000  0.000  0.000  0.000 
Table L.38. Maximum, minimum, and range of absolute values for linear velocity 
variable-right toe (antero-posterior). 
10Y  Maxi Mum  Minimum  Range 
Wa. ,,,;0,a3ki,  Ak.-:-&  W.:'  31' '.  81 I Wriei- k.:31,4;,,:':  ,8 
SOI,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S021  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S03 .4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO4 ,='  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S05  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S06 `:`  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S07,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO8 Y,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO9  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S I 0 m  0.000  0.000  0.000  0.000  0.000  0.000  0.000,  0.000  0.000  
S 11  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SI  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S 13.3.  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 276 
Table L.39. Maximum, minimum, and range of absolute values for linear velocity 
variable-right toe (vertical). 
10Z  Maximum  Minimum  Range 
1W 31  81 1W  31  81 I W 31  81 
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S03  0.000  0.000_  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S05  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S06  0.000  0.000_  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO8  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S09  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S 10  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S 1 1 . #  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S12  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S13  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Table L.40. Maximum, minimum, and range of absolute values for linear velocity 
variable-right toe (resultant). 
I OR  Maximum  Minimum  Range  
IW 31  81  1W  31 81 1W  31  81  
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  .  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO5 1?  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S06  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO7  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO8  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S09  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S 10  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Sll  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S12 4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S13  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SB  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  277 
Table L.41. Maximum, minimum, and range of absolute values for linear velocity 
variable-left shoulder (medio-lateral). 
11X  Maximum  Minimum  Range 
IW 31  81 1W  31  81  I W 31  81 
S01  2.301  2.727  2.452  -3.118  -1.450  -1.196  5.419  4.177  3.649 
SO2  2.086  1.980  1.633  -0.815  -0.572  -0.355  2.901  2.551  1.988 
S03  2.418  1.891  1.641  -0.792  -0.765  -0.776  3.210  2.656  2.418 
SO4  1.979  2.019  3.047  -0.796  -0.787  -1.108  2.774  2.806  4.155 
SO5  1.556  1.837  2.117  -0.850  -0.656  -0.858  2.406  2.493  2.975  .. 
S06 =<  2.200  2.246  1.754  -0.669  -0.643  -0.522  2.869  2.889  2.276 
S07  2.628  2.550  2.490  -0.987  -0.877  -1.118  3.615  3.427  3.608 
S08  ,  2.750  2.379  2.265  -0.834  -0.938  -1.065  3.584  3.317  3.330 
S09 /  2.332  1.743  1.758  -0.581  -0.680  -0.753  2.913  2.423  2.512 
S10 - <  2.380  2.383  2.299  -1.721  -0.758  -0.553  4.101  3.140  2.852 
S11  2.607  2.429  2.974  -0.660  -0.578  -0.750  3.267  3.007  3.724 
S12  ''''  2.676  2.835  2.841  -1.712  -0.717  -0.759  4.389  3.552  3.600 
S13  '  3.562  2.553  2.805  -0.600  -0.827  -0.854  4.162  3.380  3.659 
Mean.<!  2.421  2.275  2.314  -1.087  -0.788  -0.821  3.508  3.063  3.134 
0.473  0.353  0.510  0.716_  0.227_  0.253  0.829  0.504  0.675 
Table L.42. Maximum, minimum, and range of absolute values for linear velocity 
variable-left shoulder (antero-posterior). 
I 1Y  Maximum  Minimum  Range 
31 -,,,, 1  1W  31  81  1W  31  SI 
SO1  4  0.444  0.414  0.377  -3.028  -3.120  -1.845  3.472  3.534  2.222 
SO2  0.427  1.017  0.364  -2.239  -2.693  -2.321  2.667  3.710  2.685 
S03  0.310  0.461  0.534  -2.915  -2.694  -2.810  3.225  3.155  3.343  
SO4 -.!,  0.480  0.509  0.602  -3.039  -3.095  -2.680  3.518  3.605  3.282  
SO5 '''.,  0.318  0.536  0.290  -2.908  -2.124  -3.411  3.226  2.661  3.701  
S06  0.268  0.396  0.340  -2.281  -2.542  -2.465  2.549  2.937  2.806  
S07  0.406  0.396  0.320  -2.824  -2.256  -2.864  3.230  2.652  3.184  
S08 -'A;  0.564  0.385  0.419  -3.406  -3.051  -2.869  3.970  3.436  3.288  
S09  0.444  0.548  0.527  -3.779  -3.351  -3.397  4.223  3.899  3.924  
S W  0.434  0.452  0.480  -3.778  -3.392  -3.010  4.212  3.844  3.490  
S11  0.477  0.519  0.358  -3.929  -3.581  -2.837  4.406  4.101  3.195  
S 12;  0.404  0.551  0.520  -2.760  -3.467  -3.220  3.164  4.018  3.741  
S13 4  0.261  0.346  0.340  -2.872  -2.755  -3.010  3.133  3.101  3.349  
MeanfI\  0.403  0.502  0.421  -3.058  -2.932  -2.826  3.461  3.435  3.247  
SD  0.090  0.169  0.100  0.533  0.464  0.434  0.586  0.494  0.462  278 
Table L.43. Maximum, minimum, and range of absolute values for linear velocity 
variable-left shoulder (vertical). 
112  Maximum  Minimum  Range 
1W  31  81  1W  31  81  1W  31  81 .., -
S01  2.401  1.892  1.798  -0.494  -0.551  -0.525  2.895  2.443  2.323 
SO2  1.276  1.534  1.522  -0.236  -0.239  -0.241  1.512  1.773  1.763 
S03  1.952  1.134  1.596  -0.331  -0.372  -0.411  2.283  1.506  2.008 
SO4  1.315  1.584  1.322  -0.253  -0.239  -0.230  1.568  1.823  1.552 
SO5  2.012  1.875  2.085  -0.710  -0.390  -0.386  2.721  2.266  2.470 
S06  1.396  1.237  1.243  -0.215  -0.188  -0.224  1.611  1.425  1.467 
S07 '  2.249  1.958  1.590  -0.533  -0.412  -0.431  2.781  2.370  2.020 
S08  1.660  1.578  1.354  -0.445  -0.443  -0.315  2.105  2.021  1.669 
S09  1.292  1.567  2.336  -0.361  -0.545  -0.740  1.653  2.112  3.077 
SI 0  2.682  1.554  1.645  -0.382  -0.662  -0.543  3.064  2.216  2.188  
SlI  1.211  1.382  1.620  -0.446  -0.425  -0.450  1.657  1.807  2.070  
S12  1.993  1.552  1.421  -0.565  -0.431  -0.300  2.558  1.983  1.721  
S13  1.334  1.661  1.437  -0.328  -0.500  -0.313  1.662  2.161  1.750  
Mean  1.752  1.578  1.613  -0.408  -0.415  -0.393  2.159  1.993  2.006  
0.494  0.240  0.309  0.144  0.136  0.149  0.582  0.314  0.439 
Table L.44. Maximum, minimum, and range of absolute values for linear velocity 
variable-left shoulder (resultant). 
-
1 I R  Maximum  - Minimum  Range 
1W 31  81  I W  31  81 1W  31  81 
SOI  .  3.862  3.767  2.798  0.152  0.170  0.116  3.709  3.597  2.681 
SO2  2.657  3.108  2.599  0.104  0.209  0.151  2.553  2.899  2.448 
S03  3.512  2.838  3.234  0.140  0.036  0.084  3.372  2.802  3.149 
SO4 °''  3.348  3.446  3.158  0.132  0.195  0.231  3.216  3.251  2.927 
SO5  3.381  2.812  4.016  0.165  0.112  0.136  3.216  2.700  3.880 
S06  li,  2.521  2.783  2.699  0.153  0.225  0.147  2.368  2.558  2.552 
S07  ,  3.607  2.987  3.387  0.303  0.305  0.106  3.304  2.682  3.282 
S08 1  3.739  3.430  3.165  0.215  0.168  0.141  3.524  3.262  3.024 
SO9 4  4.037  3.616  3.638  0.242  0.277  0.143  3.796  3.339  3.495 
S I 0  4.540  3.761  3.389  0.200  0.126  0.109  4.339  3.635  3.280 
S II  4.087  3.843  3.340  0.065  0.197  0.012  4.021  3.646  3.328 
S12 4i  3.170  3.781  3.497  0.164  0.021  0.100  3.007  3.760  3.397 
S13 i  3.578  3.551  3.326  0.116  0.140  0.164  3.462  3.411  3.162 
Mean  3.541  3.363  3.250  0.166  0.168  0.126  3.376  3.196  3.124 
0.556  0.404  0.387  0.062  0.083  0.050  0.544  0.419  0.398 279 
Table L.45. Maximum, minimum, and range of absolute values for linear velocity 
variable-left elbow (medio-lateral). 
12X  Maximum  Minimum	  Range 
IW  31  81  1W  31  81  IW 31, 
A 
SOI  5.254  5.250  5.158  -1.495  -1.532  -1.420  6.749  6.782  6.578 
SO2  3.166  3.340  2.567  -0.872  -0.963  -0.874  4.038  4.303  3.441 
SO3  4.862  4.356  3.570  -1.416  -1.409  -1.238  6.278  5.765  4.807 
SO4  3.513  3.489  2.988  -1.280  -1.133  -1.121  4.793  4.621  4.109 
SO5  3.757  3.222  3.891  -1.205  -1.188  -1.152  4.962  4.410  5.043 
SO6 ,'t;  3.185  3.854  3.296  -1.217  -0.975  -0.830  4.402  4.829  4.126 
S07 4,;  4.058  4.168  3.561  -1.535  -1.586  -1.752  5.594  5.754  5.313 
S08  3.767  4.044  3.555  -1.511  -1.421  -1.264  5.277  5.464  4.819 
S09  3.670  3.350  3.699  -1.188  -1.155  -1.074  4.859  4.506  4.773 
510 c  4.746  4.784  4.326  -1.032  -1.057  -1.060  5.778  5.841  5.386 
S11  3.546  3.582  4.728  -1.231  -1.051  -1.206  4.777  4.633  5.934 
4.005  3.381  3.900  -1.269  -0.938  -1.137  5.274  4.319  5.037 
4.903  4.605  4.239  -1.137  -1.029  -1.303  6.040  5.634  5.541 
Meaiii.	  4.033  3.956  3.806  -1.261  -1.187  -1.187  5.294  5.143  4.993 
SD  0.689  0.644  0.695  0.193  0.224  0.234  0.772  0.777  0.817 
Table L.46. Maximum, minimum, and range of absolute values for linear velocity 
variable-left elbow (antero-posterior). 
.
t t3  3 33  e V*,	  ante 
JW  I  I vv 31  81 
S01  1.293  1.057  1.015  -3.069  -2.626  -2.173  4.362  3.684  3.18 
1.526  0.972  0.997  -2.900  -2.944  -2.291  4.427  3.916  3.28' 
1.736  1.456  1.024  -1.787  -3.258  -2.880  3.523  4.715  3.90' 
SO4  1.233  1.352  0.551  -2.575  -2.228  -1.945  3.808  3.580  2.49 
S05  2.301  1.359  1.356  -2.624  -2.902  -2.897  4.925  4.261  4.25 
S06  1.232  0.840  0.625  -3.176  -3.308  -2.392  4.408  4.148  3.01 
2.013  1.468  1.096  -2.627  -1.630  -2.361  4.639  3.098  3.45 
S08  1.209  0.948  0.660  -2.820  -2.282  -2.011  4.029  3.230  2.671 
S09  1.514  0.795  0.601  -2.900  -2.398  -2.559  4.414  3.193  3.16 
EBER  2.013 1.679  1.327  -1.768  -1.773  -1.645  3.781  3.452  2.97 MT 2.542 1.554  1.561  -2.067  -1.899  -1.842  4.609  3.453  3.40 Ear  1.987  1.400  1.222  -2.381  -3.132  -2.384  4.368  4.533  3.60. ink  2.197  1.038  0.862  -2.324  -2.789  -2.724  4.521  3.827  3.58 
EITE,	  1.753  1.224  0.992  -2.540  -2.552  -2.316  4.293  3.776  3.30 
SD  0.454  0.293  0.322  0.456  0.565  0.389  0.397  0.517  0.47 280 
Table L.47. Maximum, minimum, and range of absolute values for linear velocity 
variable-left elbow (vertical). 
12Z  Maximum  Minimum  Range  
INV  31  81  1W  31  81  I W  31..:_  
SO1  1.950  1.720  2.022  -3.358  -2.838  -2.518  5.307  4.557  4.540  
SO2  0.792  0.668  0.785  -2.149  -2.399  -2.038  2.941  3.067  2.823  
S03  1.719  1.108  1.084  -2.478  -2.007  -1.946  4.197  3.115  3.030  
SO4  1.417  1.399  1.433  -2.334  -2.125  -2.033  3.751  3.523  3.465  
SO5  1.318  1.595  1.575  -2.663  -2.932  -2.963  3.980  4.526  4.537  
S06  1.206  1.197  1.035  -2.155  -2.311  -2.131  3.360  3.508  3.166  
S07  1.477  1.201  1.319  -2.660  -2.593  -2.342  4.137  3.794  3.662  
SO8  1.478  1.355  1.368  -2.530  -2.900  -2.615  4.009  4.255  3.983  
SO9  1.263  1.243  1.225  -2.658  -2.703  -2.581  3.921  3.945  3.806  
SIO  1.823  1.012  1.416  -3.149  -3.223  -2.919  4.972  4.235  4.335  
S 1I  1.998  1.201  1.166  -3.056  -3.484  -3.940  5.054  4.685  5.106  
S12  2.149  1.056  0.994  -3.192  -3.124  -2.802  5.341  4.179  3.795  
S13  1.421  1.358  1.191  -3.416  -3.354  -2.956  4.837  4.712  4.147  
Mean  1.539  1.239  1.278  -2.754  -2.769  -2.599  4.293  4.008  3.877  
0.376  0.265  0.308  0.437  0.467  0.544  0.753  0.569  0.661 
Table L.48. Maximum, minimum, and range of absolute values for linear velocity 
variable-left elbow (resultant). 
12R  Maximum  Minimum  Range 
1W  31  81  1W 3L  81  1W 31  81 
SO1  5.259  5.486  5.477  0.147  0.185  0.134  5.113  5.301  5.343 
SO2  3.483  4.145  3.336  0.224  0.188  0.283  3.259  3.957  3.053 
SO3  4.954  4.530  4.087  0.151  0.130  0.233  4.803  4.400  3.853 
SO4  3.713  3.683  3.212  0.068  0.254  0.075  3.645  3.429  3.137 
SO5 4  4.264,  3.898  4.373  0.233  0.184  0.166  4.031  3.714  4.208 
S06  3.979  4.270  3.687  0.416  0.349  0.308  3.562  3.920  3.379 
S07  4.211  4.456  3.935  0.146  0.108  0.133  4.065  4.348  3.802 
SO8  3.948  4.377  4.085  0.171  0.288  0.244  3.777  4.089  3.842 
S09  4.099  3.925  4.028  0.315  0.452  0.312  3.784  3.473  3.716 
S 10  4.808  4.982  4.837  0.343  0.127  0.222  4.465  4.856  4.615 
S I I  4.414  4.478  5.480  0.353  0.156  0.273  4.061  4.322  5.208 
S12 .1  4.586  4.474  4.360  0.098  0.054  0.276  4.488  4.420  4.083 
S13  5.047  4.946  4.689  0.326  0.415  0.226  4.721  4.531  4.463 
Mean  4.367  4.435  4.276  0.230  0.222  0.222  4.136  4.212  4.054 
SD  0.539  0.492  0.708  0.110  0.122  0.074  0.547  0.531  0.711 281 
Table L.49. Maximum, minimum, and range of absolute values for linear velocity 
variable-left wrist (medio-lateral). 
13X  Maximum  Minimum  Range 
IW  31  81 1W  31  81 1W  31  81 
SO1  9.268  8.481  8.444  -2.263  -2.056  -2.198  11.531  10.537  10.642 
SO2  6.677  6.281  5.758  -2.171  -1.300  -1.385  8.848  7.581  7.143 
SO3  8.770  7.943  7.137  -2.099  -2.020  -1.974  10.869  9.963  9.111 
SO4  6.894  6.266  5.973  -2.150  -2.086  -1.968  9.044  8.352  7.941 
SO5  6.458  6.356  6.504  -2.535  -2.074  -1.914  8.993  8.431  8.418 
S06  6.544  5.977  5.629  -1.821  -1.655  -1.607  8.365  7.632  7.236 
S07  6.528  6.042  6.339  -2.205  -1.996  -2.034  8.734  8.038  8.373 
S08  7.529  7.555  6.642  -2.284  -1.933  -1.996  9.814  9.488  8.639 
S09  6.427  5.931  6.433  -2.118  -1.709  -1.840  8.545  7.640  8.273 
SlO  7.401  7.043  6.515  -2.757  -1.982  -1.752  10.158  9.025  8.267 
S11 =;  8.575  6.517  6.386  -2.782  -3.254  -3.288  11.358  9.771  9.675 
S12__'  7.018  5.520  6.256  -3.514  -2.487  -2.728  10.533  8.007  8.984 
S13 '  8.660  8.905,  8.028  -2.086  -1.701  -1.786  10.746  10.606  9.814 
Mean  7.442  6.832  6.619  -2.368  -2.019  -2.036  9.810  8.852  8.655 
1.024  1.067  0.819  0.439  0.466  0.491  1.119  1.111  0.995 
Table L.50. Maximum, minimum, and range of absolute values for linear velocity 
variable--left wrist (antero-posterior). 
13Y  Maximum  Minimum  Ringe 
1W  31  81  1W  31  81 1W 31  81 
SOI  3.933  3.137  2.250  -3.175  -2.835  -2.594  7.108  5.973  4.845 
SO2  4.205  2.931  2.291  -2.760  -3.174  -1.926  6.965  6.105  4.217 
S03  4.603  3.109  2.224  -1.809  -3.534  -3.753  6.412  6.643  5.976 
SO4  3.810  2.979  2.279  -1.842  -2.797  -2.351  5.652  5.776  4.630 
SO5  ,.,'  4.834  3.493  2.854  -2.965  -3.036  -3.143  7.799  6.528  5.996 
SO6  3.991  3.403  2.134  -4.271  -4.383  -3.371  8.263  7.786  5.506 
S07  4.126  3.528  3.301  -2.657  -2.163  -2.530  6.783  5.691  5.831 
'.1 SO8  3.674  2.722  1.754  -3.738  -2.768  -2.853  7.412  5.489  4.607  
S09  4.453  3.185  3.014  -2.630  -2.016  -2.892  7.083  5.201  5.907  
S10  4.526  3.814  2.796  -2.078  -2.629  -2.362  6.604  6.443  5.158  
SII y  5.043  4.259  3.328  -2.756  -1.864  -2.002  7.799  6.123  5.329  
S 12  4,,  4.735  3.513  2.836  -3.518  -4.363  -3.662  8.253  7.876  6.498  
S13  5.159  3.739  2.372  -3.848  -3.728  -3.778  9.007  7.467  6.151  
Mean  4.392  3.370  2.572  -2.927  -3.022  -2.863  7.318  6.392  5.435  
SD  0.476  0.419  0.482  0.769  0.808  0.640  0.899  0.857  0.701  282 
Table L.51. Maximum, minimum, and range of absolute values for linear velocity 
variable-left wrist (vertical). 
13Z  Maximum  Minimum  Range 
1W  31  81  1W  31  81 1W 31  81 
SOl  3.561  3.121  3.009  -7.863  -7.308  -6.788  11.424  10.429  9.798 
S02  1.584  1.530  1.561  -6.180  -6.241  -5.632  7.764  7.771  7.192 
SO3  2.449  2.396  2.355  -6.733  -6.309  -5.763  9.182  8.705  8.118 
SO4  3.025  2.773  2.712  -6.156  -6.129  -5.734  9.182  8.902  8.446 
S05  2.964  3.292  2.883  -7.046  -7.017  -7.107  10.010  10.309  9.990 
S06  2.513  2.496  2.403  -5.756  -5.982  -5.704  8.270  8.478  8.108 
SO7  2.600  2.647  2.584  -6.739  -6.558  -6.267  9.339  9.205  8.851 
S08  2.944  2.708  2.564  -6.951  -6.833  -6.266  9.896  9.541  8.830 
S09  2.824  2.756  2.779  -6.634  -6.751  -6.464  9.457  9.507  9.243 
S10::  2.190  2.232  2.266  -7.515  -7.617  -7.253  9.706  9.849  9.518 
S11  '  2.220  2.317  2.174  -6.536  -6.989  -7.705  8.756  9.305  9.878 
S12  2.021  2.103  2.107  -6.440  -6.771  -6.479  8.460  8.874  8.585 
S13  2.293  2.367  2.544  -8.466  -8.783  -7.569  10.759  11.151  10.113 
Mean'',  2.553  2.518  2.457  -6.847  -6.868  -6.518  9.400  9.387  8.975 
0.515  0.452  0.381  0.741  0.743  0.721  1.000  0.901  0.881 
Table L.52. Maximum, minimum, and range of absolute values for linear velocity 
variable-left wrist (resultant). 
13R  Maximum  Minimum  Range 
1W  31  < 81 1W  31  81 1W  31  81 
SO1  9.952  10.141  9.325  0.195  0.065  0.180  9.757  10.077  9.145 
SO2  8.163  7.625  7.673  0.208  0.208  0.147  7.955  7.417  7.526 a 
S03  10.001  9.347  8.386  0.433  0.339  0.223  9.567  9.009  8.163  
SO4  7.999  7.806  7.278  0.111  0.306  0.037  7.888  7.500  7.240  
SO5 - 9.072  8.380  8.127  0.090  0.150  0.370  8.983  8.230  7.757  
S06  8.108  7.641  7.376  0.399  0.312  0.203  7.709  7.329  7.173  
S07  8.656  8.441  7.660  0.204  0.258  0.073  8.452  8.184  7.587  
S08  ,.  8.561  8.671  8.090  0.083  0.312  0.189  8.478  8.359  7.901  
SO9 a  8.482  8.108  7.628  0.226  0.391  0.282  8.256  7.717  7.346  
S I 0  9.398  8.934  8.490  0.508  0.350  0.214  8.890  8.584  8.275  
S 11  9.052  8.879  8.745  0.581  0.503  0.317  8.471  8.376  8.428  
S12  ,  9.036  8.038  7.375  0.244  0.216  0.241  8.792  7.822  7.133  
S13  10.746  10.782  9.575  0.418  0.451  0.295  10.327  10.331  9.280  
Mean  9.017  8.676  8.133  0.285  0.297  0.213  8.733  8.380  7.920  
0.826  0.955  0.744  0.165  0.120  0.093  0.774  0.946  0.710 283 
Table L.53. Maximum, minimum, and range of absolute values for linear velocity 
variable-left hip (medio-lateral). 
14X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  1.100  0.918  1.081  -0.317  -0.288  -0.231  1.417  1.206  1.312 
SO2  1.009  0.734  0.924  -0.242  -0.253  -0.192  1.251  0.987  1.116 
SO3  1.042  1.072  0.778  -0.288  -0.179  -0.263  1.330  1.251  1.041 
SO4  1.074  0.968  1.056  -0.242  -0.213  -0.285  1.315  1.181  1.341 
SO5  1.335  1.201  1.180  -0.148  -0.251  -0.167  1.483  1.452  1.347 
S06  0.830  0.816  0.722  -0.258  -0.269  -0.300  1.088  1.085  1.022 
SO7  0.628  1.066  1.079  -0.215  -0.144  -0.198  0.843  1.210  1.277 
SO8  1.190  1.068  1.037  -0.275  -0.198  -0.204  1.465  1.266  1.241 
SO9  1.092  1.128  0.922  -0.184  -0.178  -0.179  1.276  1.306  1.101 
SIO  1.275  1.384  1.225  -0.240  -0.283  -0.264  1.516  1.667  1.489 
S I 1  0.975  1.024  0.878  -0.267  -0.182  -0.100  1.242  1.206  0.978 
S12  1.583  1.223  0.883  -0.234  -0.178  -0.353  1.817  1.402  1.235 
S13  1.379  1.342  1.001  -0.332  -0.227  -0.246  1.710  1.570  1.247 
Mean  1.116  1.073  0.982  -0.249  -0.219  -0.229  1.366  1.291  1.211 
SD  0.246_  0.189  0.148  0.050_  0.047  0.066_  0.252  0.189  0.150 
Table L.54. Maximum, minimum, and range of absolute values for linear velocity 
variable-left hip (antero-posterior). 
14Y  Maximum  Minimum  Range 
1W 31,  81 1W 31  81 1W  31  81 
SO1  0.219  0.147  0.131  -1.670  -2.456  -1.086  1.889  2.603  1.217 
SO2  0.274  0.291  0.330  -1.535  -1.563  -1.343  1.809  1.853  1.673 
SO3  0.245  0.333  0.281  -1.725  -1.659  -0.949  1.970  1.992  1.230 
SO4  0.275  0.337  0.316  -2.967  -1.823  -2.421  3.242  2.160  2.737 
SO5  0.196  0.177  0.277  -2.201  -2.120  -2.626  2.397  2.297  2.903 
506  0.290  0.430  0.328  -2.061  -1.882  -1.413  2.351  2.313  1.741 
S07  0.266  0.148  0.205  -2.020  -2.579  -3.039  2.286  2.727  3.244 
SO8  0.311  0.215  0.304  -2.483  -2.341  -1.525  2.794  2.556  1.829 
SO9  0.157  0.261  0.289  -1.616  -1.676  -1.529  1.772  1.938  1.818  
S10  0.219  0.299  0.331  -1.754  -1.923  -2.208  1.973  2.223  2.539  
S11  0.285  0.214  0.209  -1.417  -1.162  -1.611  1.703  1.376  1.820  
S12  0.166  0.303  0.304  -1.540  -1.478  -1.265  1.706  1.781  1.569  
S13  0.220  0.212  0.342  -2.471  -2.314  -2.937  2.691  2.526  3.279  
Mean- 0.240  0.259  0.281  -1.959  -1.921  -1.842  2.199  2.180  2.123  
SD  0.049  0.083  0.062  0.463  0.421  0.713  0.481  0.385  0.724  284 
Table L.55. Maximum, minimum, and range of absolute values for linear velocity 
variable-left hip (vertical). 
14Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOl  0.884  0.685  0.597  -0.160  -0.184  -0.266  1.044  0.869  0.862 
SO2  0.464  0.346  0.551  -0.140  -0.113  -0.109  0.604  0.459  0.660 
S03  0.576  0.413  0.484  -0.121  -0.189  -0.105  0.697  0.601  0.589 
SO4  0.818  0.482  0.428  -0.099  -0.152  -0.212  0.917  0.634  0.640 
SO5  0.844  0.342  0.393  -0.107  -0.140  -0.145  0.950  0.482  0.539 
S06  0.486  0.344  0.466  -0.136  -0.102  -0.113  0.622  0.445  0.579 
S07  0.646  0.417  0.276  -0.142  -0.252  -0.148  0.788  0.669  0.424 
S08  0.864  0.352  0.236  -0.152  -0.147  -0.141  1.016  0.500  0.377 
S09  0.638  0.518  0.372  -0.157  -0.169  -0.183  0.795  0.687  0.555 
S10  1.151  0.593,  0.393  -0.113  -0.174,  -0.087  1.264  0.767  0.480 
S11  ,  0.710  0.319  0.331  -0.177  -0.111  -0.165  0.887  0.429  0.496 
S12  0.722  0.785  0.276  -0.216  -0.220  -0.153  0.938  1.005  0.429 
S13`;  0.631  0.838  0.059  -0.125  -0.129  -0.132  0.756  0.967  0.191 
Means'  0.495  0.374  -0.142  -0.160  -0.151  0.867  0.655  0.525 
0.187  0.178  0.143  0.032  0.044  0.048  0.184  0.198  0.160 
Table L.56. Maximum, minimum, and range of absolute values for linear velocity 
variable-left hip (resultant). 
14R  Maximum  Minimum  Range 
.,81  1W  31  8  1W 31  81 
SO1 -.  1.912  2.657  1.333  0.109  0.100  0.092  1.803  2.557  1.242 
SO2  1.759  1.699  1.716  0.059  0.030  0.041  1.700  1.669  1.675 
S03  1.816  1.730  0.961  0.096  0.116  0.048  1.720  1.614  0.913 
SO4  3.175  1.889  2.624  0.088  0.105  0.164  3.087  1.784  2.460 
SO5 -4  2.629  2.450  2.871  0.053  0.046  0.018  2.576  2.404  2.852 
SO6 -;4  2.273  2.061  1.585  0.080  0.043  0.023  2.193  2.017  1.563 
S07  ;:'  2.087  2.802  3.228  0.098  0.073  0.126  1.989  2.729  3.102 
SO8 1  2.874  2.572  1.847  0.017  0.041  0.079  2.857  2.531  1.768 
S09  1.862  1.750  1.646  0.095  0.072  0.023  1.767  1.679  1.623 
S10  '  2.194  2.383  2.390  0.075  0.081  0.034  2.119  2.302  2.356 
S1 1  1.819  1.376  1.815  0.130  0.084  0.057  1.689  1.293  1.758 
S12  2.187  1.908  1.388  0.054  0.046  0.060  2.133  1.862  1.328 
S13 -5v.  2.839  2.666  3.098  0.027  0.049  0.048  2.812  2.617  3.051 
Mean  2.263  2.149  2.039  0.075  0.068  0.062  2.188  2.081  1.976 
0.470  0.460  0.726  0.032  0.028  0.043  0.489  0.465  0.715 285 
Table L.57. Maximum, minimum, and range of absolute values for linear velocity 
variable-left knee (medio-lateral). 
15X  Maximum  Minimum  Range 
1W  31  81 1W  31  81  I W 31  81 
SO1  1.519  1.258  1.147  -0.326  -0.331  -0.417  1.844  1.590  1.564 
SO2  1.193  0.788  0.937  -0.131  -0.155  -0.065  1.324  0.943  1.002 
S03  1.174  1.219  0.821  -0.363_  -0.495  -0.482  1.538  1.714  1.303 
SO4  1.163  0.950  1.216  -0.310  -0.289  -0.393  1.472  1.239  1.608 
SO5  0.868  0.931  1.024  -0.219  -0.372  -0.237  1.087  1.303  1.261 
S06  1.212  0.682  0.874  -0.227  -0.354  -0.145  1.440  1.036  1.020 
SO7  0.885  0.683  0.875  -0.331  -0.292  -0.217  1.216  0.975  1.093 
S08  1.191  0.929  1.109  -0.380  -0.224  -0.248  1.571  1.153  1.357 
SO9  1.215  0.841  0.991  -0.296  -0.246  -0.214  1.510  1.087  1.205 
S 10  1.316  1.205  1.096  -0.710  -0.130  -0.190  2.026  1.335  1.286 
S 11  1.212  1.606  1.241  -0.361  -0.289  -0.166  1.573  1.895  1.407 
S12  1.525  0.943  0.861  -0.266  -0.295  -0.291  1.791  1.239  1.152 
S13  1.272  0.950  0.978  -0.448  -0.203  -0.233  1.720  1.153  1.211 
Mean  1.211  0.999  1.013  -0.336  -0.283  -0.254  1.547  1.282  1.267 
SD  0.191  0.260  0.139  0.139  0.096  0.116  0.258  0.289  0.186 
Table L.58. Maximum, minimum, and range of absolute values for linear velocity 
variable-left knee (antero-posterior). 
15Y  Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SO1  0.313  0.278  0.241  -1.591  -1.675  -2.050  1.904  1.954  2.291 
SO2  0.179  0.169  0.243  -1.779  -1.632  -1.358  1.958  1.801  1.601 
SO3  0.308  0.336  0.258  -1.494  -1.667  -1.449  1.802  2.002  1.707 
SO4  0.451  0.330  0.292  -2.571  -2.956  -2.563  3.022  3.286  2.855 
SO5 <i  0.176  0.395  0.203  -1.942  -2.206  -2.366  2.118  2.600  2.569 
S06  0.297  0.390  0.287  -2.426  -2.429  -1.792  2.724  2.819  2.079 
S07  0.331  0.263  0.279  -2.528  -1.788  -2.636  2.860  2.051  2.915 
S08  0.324  0.285  0.288  -1.561  -1.782  -2.113  1.885  2.067  2.401 
S09  0.226  0.257  0.296  -1.883  -1.981  -2.072  2.109  2.238  2.368 
S W  0.325  0.267  0.284  -2.225  -2.185  -2.377  2.550  2.452  2.661 
Sll  0.330  0.270  0.277  -1.744  -1.566  -1.877  2.075  1.836  2.153 
S12  4,  0.215  0.214  0.326  -1.546  -1.902  -1.494  1.761  2.116  1.820 
S13  0.148  0.193  0.282,  -1.539  -1.915  -2.227  1.687  2.108  2.509 
Mean  0.279  0.280  0.273  -1.910  -1.976  -2.029  2.189  2.256  2.302 
SD  0.085  0.068  0.031  0.398  0.389  0.417  0.447  0.427  0.417 286 
Table L.59. Maximum, minimum, and range of absolute values for linear velocity 
variable-left knee (vertical). 
15Z  Maximum  Minimum  Range  
1W  31  81 1W  31  81 1W  31  81  
SO1  0.354  0.117  0.118  -0.242  -0.156  -0.268  0.597  0.273  0.386  
SO2  0.358  0.337  0.423  -0.084  -0.230  -0.246  0.442  0.567  0.668  
SO3  0.380  0.588  0.371  -0.223  -0.098  -0.180  0.603  0.686  0.552  
SO4  0.535  0.367  0.190  -0.240  -0.920  -0.376  0.776  1.287  0.566  
SO5  0.776  0.314  0.271  -0.537  -0.196  -0.240  1.313  0.510  0.512  
S06  0.353  0.346  0.338  -0.196  -0.288  -0.805  0.550  0.634  1.143  
SO7  0.272  0.213  0.315  -0.426  -0.353  -0.934  0.698  0.566  1.249  
SOS  0.635  0.613  0.222  -0.197  -0.133  -0.166  0.832  0.746  0.388  
S09  0.474  0.317  0.295  -0.321  -0.250  -0.452  0.795  0.567  0.746  
S 10  0.285  0.501  0.283  -0.094  -0.143  -0.106  0.379  0.644  0.389  
S I1  1.119  0.185  0.333  -0.269  -0.176  -0.069  1.388  0.361  0.402  
S12  0.320  0.506  0.326  -1.115  -0.247  -0.289  1.435  0.753  0.615  
S13  0.577  0.205  0.101_  -0.263  -0.138  -0.441  0.840  0.343  0.542  
Mean  0.495  0.355  0.276  -0.324  -0.256  -0.352  0.819  0.611  0.628  
SD  0.240  0.157  0.095  0.267  0.212  0.259  0.350  0.253  0.277  
Table L.60. Maximum, minimum, and range of absolute values for linear velocity 
variable-left knee (resultant). 
15R  Maximum  Minimum  Range  
,,-- 31  1W  31 - 81  I W  31  81  
...,  
SO1  1.928  1.743  2.249  0.175  0.243  0.197  1.754  1.500  2.052 
SO2  2.034  1.732  1.652  0.050  0.025  0.046  1.984  1.707  1.606 
S03  1.630  1.701  1.492  0.080  0.107  0.070  1.550  1.593  1.422 
SO4  2.637  3.128  2.622  0.210  0.167  0.117  2.427  2.961  2.505 
SO5  2.215  2.266  2.407  0.085  0.082  0.064  2.129  2.184  2.343 
SO6  2.469  2.486  2.066  0.158  0.186  0.057  2.311  2.300  2.009 
SO7  2.552  1.891  2.877  0.160  0.080  0.064  2.392  1.811  2.813 
SOS  1.958  1.939  2.357  0.068  0.104  0.103  1.890  1.835  2.254 
S09  2.076  2.086  2.147  0.100  0.101  0.071  1.975  1.985  2.075 
SIO  2.458,  2.443  2.581  0.098  0.085  0.100  2.360  2.358  2.481 
S II  1.876  2.087  1.953  0.126  0.168  0.066  1.750  1.919  1.887 
S12  /  2.189  2.110  1.730  0.035  0.030  0.048  2.154  2.081  1.682 
S13  1.736  2.078  2.410  0.056  0.109  0.072  1.680  1.969  2.339 
Mean  2.135  2.130  2.196  0.108  0.114  0.083  2.027  2.016  2.113 
SD  0.319  0.391  0.408  0.054  0.062  0.040  0.294  0.382  0.397 287 
Table L.61. Maximum, minimum, and range of absolute values for linear velocity 
variable-left ankle (medio-lateral). 
16X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW 31  81 
SOI  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S05  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO6  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
to  S08  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S09  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SIO  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S11  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S12 A  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S134  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
0.000  0.000  0.000  0.0001  0.000  0.000_  0.000  0.000  0.000 
Table L.62. Maximum, minimum, and range of absolute values for linear velocity  
variable-left ankle (antero-posterior).  
n EIMINCIMMINEINSI  Minimum Ran le 
x.a 81  1.  8 a  1 W  31:..  .;-,.  g 
0.000  0.000  u.000  0.000  0.000  0.000  0.000  0.000  0.001 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.00 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.001 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
1110a-:  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S06  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.001 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.001 
SO8  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.001 
SO9  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.001
IlEga  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  (loot
NEPE  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  o.00 lark:  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.001 11.  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.001 
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.00  
SD  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.00  288 
Table L.63. Maximum, minimum, and range of absolute values for linear velocity 
variable-left ankle (vertical). 
162  Maximum  Minimum  Range 
1W 31  81 1W  31 81 1W 31  81 
I 
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000  0.000,  0.000  0.000  0.000  0.000  0.000  0.000 
S03  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S05  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S06  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
F S08  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO9  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SIO  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S 11  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S12  ,  0.000  0.000,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S13  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean::,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SD  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  .c, 
Table L.64. Maximum, minimum, and range of absolute values for linear velocity 
variable-left ankle (resultant). 
16R  Maximum  Minimum  Range 
1W  51  m  - 1W  31=  81  1W 31  81 
SOl  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  ;  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  .?,  0.000  0.000,  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S05 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO6 -,,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO8  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S09  --'  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SI 0  ,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S 11  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S12  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S13 4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SD  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  289 
Table L.65. Maximum, minimum, and range of absolute values for linear velocity 
variable-left toe (medio-lateral). 
17X  1Vtatimum  Minimum  Range 
1W 31  81 1W  31  81 1W  31  81 
SOI <>  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  0.000  0.000,  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  ,,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4 ,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SOS  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO6  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S07 8  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO8  0.000  0.000_  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO9  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S 10  0.000  0.000  0.000  0.000  0.000,  0.000  0.000  0.000  0.000 
S11  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Table L.66. Maximum, minimum, and range of absolute values for linear velocity 
variable-left toe (antero-posterior). 
17Y  Maximum  Mi nitiftiM 
.gu.,,,E,',.  - 1  m.,vN  3,1-- 1VL ,.,. b<  *,3L.,:,,,,,,-m,...8:1: ..-6,t 
S 0 i  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO3  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO5  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO6  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO7 '  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S08 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO9 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S i 0  4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S 1 1  - 0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
s12  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S 13' >'  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
Meaa  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S1),,'  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 290 
Table L.67. Maximum, minimum, and range of absolute values for linear velocity 
variable-left toe (vertical). 
17Z  Maximum  Minimum  Range 
1W 31  81 1W  31  81  I W  31  81 
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2 =  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO5  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S06  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S08  0.000  0.000  0.000  0.000  0.000,  0.000  0.000  0.000  0.000  
S09  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S W  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S I 1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S12  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S13  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SD  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Table L.68. Maximum, minimum, and range of absolute values for linear velocity 
variable-left toe (resultant). 
17R  Maximum  Minimum  Range 
IW 31  81 IW  31  81 1W  31 
SO1  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO2  ,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S03  ,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO4  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
SO5  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
S06 << ,  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S07  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
SO8  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S09  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S 10  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Sll  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S12  .  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
S13  i  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
Mean  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 291 
Table L.69. Maximum, minimum, and range of absolute values for linear velocity 
variable-grip (medio-lateral). 
I8X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SO1  10.686  9.214  9.549  -2.375  -2.131  -2.282  13.060  11.345  11.832 
SO2  8.694  7.315  7.467  -3.582  -2.322  -2.463  12.276  9.636  9.930 
S03  9.726  9.407  8.936  -2.446  -2.634  -2.338  12.172  12.040  11.273 
SO4  8.504  7.237  7.073  -2.694  -2.309  -2.259  11.198  9.546  9.331 
SO5  9.562  9.361  10.326  -4.360  -4.124  -3.550  13.922  13.485  13.875 
S06  9.188  8.944  9.857  -2.310  -2.314  -2.435  11.498  11.257  12.291 
SO7  9.491  8.601  7.136  -3.503  -2.840  -2.326  12.994  11.442  9.462 
S08  8.184  8.451  8.059  -2.461  -2.059  -2.353  10.645  10.510  10.412 
SO9  8.024  7.314  7.781  -2.569  -1.883  -2.103  10.594  9.197  9.884 
SIO  8.974  7.702  7.624  -3.124  -2.151  -1.845  12.098  9.853  9.470 
S11';-1  7.269  6.620  7.097  -3.281  -3.459  -2.902  10.550  10.078  9.999 
S12 
A 
6.393  6.298  6.328  -4.374  -2.793  -2.174  10.767  9.090  8.502 ',, 
":4 SI 3  10.204  10.735  10.110  -2.486  -1.952  -1.938  12.691  12.687  12.047  
Mean '°  8.839  8.246  8.257  -3.043  -2.536  -2.382  11.882  10.782  10.639  
SD  1.184  1.287  1.336  0.731  0.645  0.436  1.101  1.389  1.516  
Table L.70. Maximum, minimum, and range of absolute values for linear velocity 
variable-grip (antero-posterior). 
18Y  Maximum  Minimum  Range 
1W,  1W 31,  1W  31  8 
SO1  4.413  3.611  2.580  -2.427  -3.272  -2.595  6.840  6.883  5.175 
SO2  ..,  5.279  4.199  3.731  -4.071  -4.274  -3.445  9.350  8.473  7.176 
SO3`'1 4.899  3.755  -4.113  -4.649  -3.938  10.571  9.548  7.694 06.458 
SO4  5.117  4.674  3.400  -2.466  -3.301  -2.934  7.583  7.975  6.334 ., 
SOS  6.218  5.079  4.018  -3.540  -3.451  -4.130  9.758  8.530  8.149 
S06 iii  5.314  4.344  3.238  -5.022  -5.451  -4.890  10.336  9.795  8.128 
SO7 1  5.679  5.435  4.054  -3.990  -3.526  -2.485  9.669  8.961  6.539 
SO8 1  4.692  3.567  2.525  -4.014  -3.497  -3.480  8.706  7.064  6.005 
SO9 '  5.271  4.263  3.386  -2.939  -3.035  -3.165  8.210  7.297  6.550 
S 10  4.792  4.159  3.150  -2.081  -2.026  -2.098  6.873  6.185  5.248 
SI 1  5.733  4.270  3.714  -2.381  -2.476  -2.715  8.114  6.746  6.429 
S12 .,.j  4.936  4.065  3.186  -3.703  -4.708  -3.168  8.639  8.773  6.353 
S13 4  5.469  4.355  2.864  -3.868  -4.639  -4.653  9.338  8.994  7.517 
Mean] <'  5.336  4.378  3.354  -3.432  -3.716  -3.361  8.768  8.094  6.715 
0.585  0.534  0.498  0.887_  0.975  0.846  1.212  1.155  0.971 292 
Table L.71. Maximum, minimum, and range of absolute values for linear velocity 
variable-grip (vertical). 
18Z  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W 31  81 
SO1  3.461  3.276  3.170  -8.504  -7.904_  -7.289  11.966  11.180  10.459 
SO2  1.762  1.661  1.748  -6.809  -7.375  -6.545  8.572  9.036  8.293 
S03  2.885  2.852  2.821  -7.303  -6.907  -6.830  10.187  9.759  9.651 
SO4  3.244  3.053  3.012  -6.662  -6.753  -6.320  9.906  9.806  9.332 
S05  3.144  3.322  3.261  -7.804  -7.946  -7.707  10.948  11.268  10.967 
S06 :  2.705  2.682  2.502  -6.455  -6.460  -6.520  9.160  9.142  9.022 
S07  2.826  2.830  2.893  -7.181  -7.239  -6.898  10.006  10.069  9.790 
SO8  3.132  2.784  2.543  -7.310  -7.562  -6.939  10.443  10.346  9.482 
SO9  2.938  2.909  2.765  -7.711  -7.305  -7.018  10.649  10.214  9.783 
S10  2.324  2.250  2.275  -8.340  -8.160  -8.017  10.664  10.410  10.292 
S11  2.085  2.409  2.281  -6.891  -7.087  -8.189  8.975  9.496  10.470 
S12  2.118  2.188  2.046  -6.831  -6.658  -6.893  8.949  8.847  8.939 
S13  2.313  2.735  2.611  -9.614  -9.792  -8.549  11.927  12.527  11.160 
Mean  2.687  2.689  2.610  -7.493  -7.473  -7.209  10.181  10.161  9.818 
SD  0.521  0.462  0.442  0.894  0.868  0.696  1.082  1.030  0.831 
Table L.72. Maximum, minimum, and range of absolute values for linear velocity 
variable-grip (resultant). 
18R  Maximum  Minimum  Range 
1W-v.,  4  ,  atw  Si .. 
SO1  10.902  10.840  10.100  0.148  0.127  0.148  10.754  10.713  9.951 
SO2  9.609  8.885  8.199  0.096  0.176  0.185  9.513  8.709  8.014 
S03  10.188  10.222  9.728  0.503  0.411  0.393  9.685  9.810  9.335 
SO4  - 8.796  8.268  7.878  0.147  0.373  0.352  8.648  7.894  7.527 
S05  10.200  10.012  11.150  0.099  0.357  0.364  10.101  9.655  10.786 
SO6  10.479  10.596  11.090  0.352  0.506  0.156  10.127  10.091  10.935 
S07  ,  10.296  9.503  8.686  0.357  0.533  0.274  9.939  8.970  8.412 
SO8  9.267  8.981  8.793  0.168  0.264  0.417  9.100  8.718  8.376 
S09  9.815  9.072  8.520  0.495  0.268  0.372  9.320  8.804  8.149 
S10  11.043  9.714  9.564  0.459  0.398  0.310  10.583  9.317  9.255 
Sll  8.811  9.120  9.312  0.434  0.516  0.345  8.377  8.604  8.966 
S12  9.854  8.557  8.070  0.150  0.166  0.277  9.704  8.392  7.794 
. 
S13  12.397  12.272  11.433  0.328  0.377  0.378  12.069  11.895  11.056  
Mean - 10.127  9.696  9.425  0.287  0.344  0.305  9.840  9.352  9.120  
SD  0.976  1.095  1.220  0.157  0.136  0.091  0.959  1.082  1.229  293 
Table L.73. Maximum, minimum, and range of absolute values for linear velocity 
variable-club head (medio-lateral). 
19X  Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  44.079  36.401  31.862  -17.059  -13.229  -10.380  61.138  49.630  42.242 
SO2  40.273  32.477  30.818  -25.470  -16.976  -17.381  65.743  49.453  48.199 
S03  41.185  36.638  32.080  -22.589  -16.956  -12.490  63.774  53.594  44.571 
SO4  38.420  34.029  31.948  -22.018  -17.622  -14.557  60.439  51.651  46.505 
SO5  39.531  32.280  31.647  -26.114  -23.084  -19.293  65.645  55.365  50.940 
S06  39.477  35.528  31.958  -24.751  -22.192  -17.740  64.228  57.720  49.698 
S07  39.067  33.865  32.335  -24.815  -19.188  -14.598  63.882  53.053  46.933 
SO8  40.459  33.607  30.506  -23.586  -18.669  -13.268  64.046  52.276  43.774 
SO9  39.888  34.007  32.049  -24.201  -18.816  -14.288  64.090  52.822  46.337 
S10  39.832  34.524  32.934  -25.686  -20.636  -16.557  65.519  55.160  49.491 
S11  35.815  31.536_  28.299  -25.746  -21.535  -17.942  61.561  53.071  46.241 
S12  36.159  31.790  30.350  -26.059  -19.624  -15.050  62.218  51.414  45.400 
S13  44.363  40.380  35.788  -27.923  -21.687  -14.707  72.286  62.067  50.494 
Mean  39.888  34.389  31.736  -24.309  -19.247  -15.250  64.198  53.637  46.987 
SD  2.473  2.423  1.699  2.684  2.684  2.474  2.977  3.399  2.668 
Table L.74. Maximum, minimum, and range of absolute values for linear velocity 
variable-club head (antero-posterior). 
19Y  Maximum  Minimum  Range 
1W  'U  81  1W  3X ,:=  ,,... 
SO1  22.500  15.433  12.432  -5.473  -3.531  -3.235  27.973  18.964  15.667 
SO2  26.212  18.941  15.417  -9.243  -6.141  -4.708  35.455  25.082  20.125 
S03  29.028  21.759  17.255  -8.410  -5.896  -4.300  37.437  27.655  21.556 
SO4 - 24.123  17.971  15.167  -7.873  -5.369  -4.387  31.997  23.341  19.553 
SO5  25.008  19.067  14.781  -9.403  -6.290  -4.896  34.411  25.358  19.677 
S06  25.620  18.411  15.423  -8.910  -6.064  -4.810  34.529  24.475  20.234 
S07  24.295  19.864  14.857  -7.427  -5.998  -4.782  31.722  25.863  19.640 
SO8  24.264  18.794  15.648  -7.480  -4.585  -3.360  31.744  23.379  19.007 
SO9  26.450  18.325  13.642  -6.528  -4.275  -4.022  32.978  22.600  17.663 
SIO  26.362  20.339  17.528  -4.634  -3.251  -2.865  30.996  23.590  20.393 
SI I  26.508  19.537  16.711  -6.837  -5.634  -4.401  33.345  25.172  21.112 
S12'^  22.454  16.006  14.515  -7.865  -5.730  -3.455  30.319  21.737  17.969 
S13  ',.,  29.684  24.243  18.139  -8.067  -5.148  -6.096  37.751  29.391  24.235 
Mean',  25.577  19.130  15.501  -7.550  -5.224  -4.255  33.127  24.354  19.756 
SD  2.169  2.260  1.595  1.407  1.011  0.871  2.787  2.619  2.058 294 
Table L.75. Maximum, minimum, and range of absolute values for linear velocity 
variable-club head (vertical). 
I9Z  Maximum  Minimum  Range 
1W 31  81 1W  31  81 IW  31 
SO I  11.504  9.901  9.411  -31.603  -27.664  -25.139  43.107  37.566  34.551 
SO2  6.684  5.131  5.369  -29.441  -27.199  -26.799  36.126  32.330  32.168 
S03  9.979  8.802  8.510  -30.737  -27.641  -26.147  40.716  36.443  34.657 
SO4  9.027  8.343  7.945  -31.167  -28.891  -26.498  40.195  37.234  34.443 
SO5  9.079  9.219  8.359  -33.568  -30.798  -28.930  42.647  40.016  37.289 
SO6  8.646  7.913  7.284  -30.602  -30.117  -28.042  39.248  38.030  35.326 
S07  '  8.843  8.494  8.150  - 30.594  -28.350  -25.528  39.437  36.844  33.678 
S08  ,,  9.584  7.842  7.092  -33.938  -28.387  -24.985  43.522  36.229  32.077 
S09''4  9.858  8.973  8.455  -29.966  -29.639  -26.164  39.824  38.612  34.619 
S10 14  7.382  6.232  5.992  -32.873  -29.573  -28.836  40.254  35.805  34.828 
SI I 1  7.529  6.766  7.258  - 29.828  -27.253  -26.247  37.358  34.019  33.504 
Sit  9.212  7.083  6.521  -35.606  -28.149  -24.537  44.817  35.232  31.058 
SI3 A  9.027  7.045  6.928  -34.058  -32.426  -26.560  43.085  39.471  33.488 
Mean- 8.950  7.827  7.482  -31.845  -28.930  -26.493  40.795  36.756  33.976 
1.246  1.333  1.129  1.951  1.537  1.387  2.535  2.134  1.604 
Table L.76. Maximum, minimum, and range of absolute values for liner velocity 
variable-club head (resultant). 
19R  Maximum  Minimum  Range 
,M.,,v,:Mwo.,3L8-4.  iliftw, ,,4--2,  34,0;,-..u.:  ,-3,6,,., ,,,,  84,,,, 
SOl  44.883  38.698  33.274  0.333  0.310  0.333  44.550  38.388  32.941 
SO2  42.395  35.009  34.0941  0.225  0.327  0.318  42.170  34.682  33.776 
SO3 4  47.665  40.964  36.533  0.862  0.563  0.804  46.803  40.401  35.729 
SO4 4  43.277  38.191_  34.415_  0.283  0.250  0.102  42.994  37.941  34.312 
SO5  46.450  39.390  34.676  0.029  0.134  0.280  46.421  39.256  34.396 
S06;;  42.869  38.441  35.214  0.535  0.603  0.273  42.334  37.838  34.941 
SO7  42.584  37.803  33.642  0.619  0.196  0.251  41.965  37.607  33.391 
SO8 1  46.688  38.329  33.017  0.359  0.468  0.840  46.329  37.861  32.176 
4 S09  41.477  38.223  33.243  0.547  0.694  0.457  40.930  37.528  32.786  
S 10  45.761  39.172  34.975  1.301  1.196  0.812  44.459  37.977  34.164  
SI I  j  46.703  36.835  34.474  0.747  0.521  0.645  45.956  36.314  33.829  
S12  51.730  35.935  31.603  0.134  0.297  0.273  51.596  35.638  31.329  
S13  50.187  45.465  36.304  1.194  1.078  0.487  48.993  44.387  35.817  
Mean  45.590  38.651  34.267  0.551  0.511  0.452  45.039  38.140  33.815  
SD  ,  3.106  2.546  1.355  0.390  0.325  0.247  3.066  2.378  1.307  295 
Appendix M. Maximum, Minimum, and Range of Absolute Values 
for Angular Displacement Variables Across Subjects 296 
Table M.1. Maximum, minimum, and range of absolute values for angular displacement 
variables-right ankle relative angle. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81  1W  31  81 
SOI  81.225  80.473  80.687  62.979  64.594  62.880  18.246  15.879  17.807 
SO2  79.588  78.177  83.770  72.754  72.106  73.039  6.835  6.070  10.731 
S03  74.858  77.894  73.156  68.138  73.103  67.501  6.720  4.791  5.655 
SO4  83.528  83.594  87.881  75.671  77.138  77.238  7.857  6.456  10.643 
SO5  81.041  78.428  86.802  78.781  72.164  75.078  2.260  6.264  11.724 
S06  86.692  79.745  82.208  67.599  67.379  71.423  19.093  12.367  10.785 
S07  83.395  82.135  86.014  69.596  72.216  76.070  13.799  9.920  9.944 
S08  75.670  76.701  76.597  69.274  68.532  70.344  6.396  8.169  6.253 
S09  87.351  87.507  84.567  76.360  71.475  68.763  10.991  16.032  15.804 
SIO  ,  79.819  79.120  78.454  65.342  68.177  62.738  14.477  10.943  15.716 
SI I  83.655  80.367  82.322  77.321  74.056  75.994  6.334  6.311  6.328 
S12  79.822  76.657  76.135  68.221  63.581  65.174  11.601  13.076  10.960 
S13  75.931  79.061  76.642  67.918  73.423  70.961  8.013  5.638  5.681 
Mean`:  80.967  79.989  81.172  70.766  70.611  70.554  10.202  9.378  10.618 
SD  3.964  3.003  4.651  4.930  3.904  4.948  5.032  3.947  4.009 
Table M.2. Maximum, minimum, and range of absolute values for angular displacement 
variables-right knee relative angle. 
Maximum  Minimum  Range 
1W  3  81  1W ,-- 31,, : z  81  iw  .3k  in 
SO1  160.283  156.899  153.602  134.639  133.550  133.019  25.643  23.350  20.583 
SO2  152.586  152.220  155.727  138.153  135.725  136.065  14.433  16.495  19.662 
S03  140.660  145.510  137.082  129.388  129.691  125.460  11.272  15.819  11.623 
SO4  159.665  157.018  158.737  142.469  140.809  144.226  17.196  16.210  14.511 
SO5 ,  157.149  154.403  154.114  149.175  141.239  141.007  7.974  13.164  13.107 
S06  159.240  155.877  162.864  135.177  140.017  149.600  24.063  15.860  13.264 
S07  158.607  157.256  157.088  123.982  132.939  138.265  34.625  24.317  18.823 
SO8  148.559  150.816  149.569  127.498  133.058  131.876  21.061  17.757  17.693 
,g 
-,4 
S09  164.682  163.606  167.502  152.314  143.658  144.769  12.369  19.948  22.733 
510  158.334  156.856  159.037  129.983  135.280  129.259  28.351  21.575  29.777 
SI I  153.185  153.134  151.962  145.017  144.091  143.086  8.168  9.043  8.876 
S12''  160.405  158.736  152.538  131.044  137.663  130.795  29.361  21.072  21.743 
S13 t  151.388  153.609  149.950  141.359  137.565  136.644  10.029  16.043  13.306 
Mean =.'r  155.749  155.072  154.598  136.938  137.330  137.236  18.811  17.743  17.362 
SD  6.333  4.340  7.333  8.701  4.449  7.071  8.943  4.243  5.661 297 
Table M.3. Maximum, minimum, and range of absolute values for angular displacement 
variables-right hip relative angle. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  157.248  154.060  147.545  134.338  131.125  123.478  22.910  22.935  24.067 
SO2  151.440  150.906  152.686  122.784  122.627  120.453  28.656  28.279  32.232 
S03  144.011  136.077  136.906  125.911  124.431  128.737  18.100  11.646  8.170 
SO4  149.189  155.986  144.595  123.028  118.837  127.890  26.162  37.149  16.705 
SO5  158.160  147.832  154.702  122.726  122.225  120.862  35.434  25.608  33.840 
S06  .,  153.625  148.530  154.668  131.598  130.337  126.479  22.027  18.193  28.189 
S07  153.748  150.096  146.728  135.531  126.999  129.807  18.216  23.097  16.921 
SO8  158.968  153.534  149.718  136.487  128.226  132.470  22.481  25.308  17.248 
SO9  154.771  158.325  155.307  121.347  127.032  121.311  33.424  31.293  33.996 
510  162.264  162.297  159.826  131.705  133.554  130.711  30.559  28.743  29.115 
S11  172.795  162.460  151.537  135.657  130.154  132.059  37.138  32.305  19.478 
S12  164.943  162.630  155.410  136.728  132.898  134.569  28.215  29.732  20.841 
S13  162.199  161.428  150.094  129.015  129.599  117.942  33.184  31.829  32.151 
Mean .  157.182  154.166  150.748,  129.758  127.542  126.675  27.424  26.624  24.073 
SD  ,  7.415  7.673  5.900  5.913  4.429  5.358  6.370  6.665  8.188 
Table M.4. Maximum, minimum, and range of absolute values for angular displacement 
variables-right shoulder relative angle #1. 
Maxinnim  Minimum  Range 
31  81  1W  3  ,.,,,_  1  ,  1Y  L ...  .,.  Si _ 
SOl  75.546  73.634  72.365  14.168  2.896  0.331  61.378  70.738  72.034 
SO2 '  86.818  86.182  84.482  6.953  3.714  7.426  79.865  82.468  77.056 
S03  76.904  76.498  68.494  8.857  11.671  9.375  68.047  64.827  59.119 
SO4  55.601  50.909  52.155  14.842  10.492  14.010  40.759  40.417  38.145 
S05  83.243  72.894  73.734  3.255  3.027  8.130  79.988  69.867  65.604 
S06  69.270  60.512  54.080  14.156  10.760  0.213  55.114  49.752  53.867 
S07  66.664  60.866  58.655  0.691  10.706  20.090  65.973  50.160  38.564 
SO8  79.048  74.777  73.743  9.120  13.907  8.826  69.928  60.869  64.917 
S09  66.284  66.363  61.679  19.771  12.517  6.765  46.513  53.846  54.914 
S10  77.324  77.758  69.362  0.953  4.617  2.950,  76.371  73.141  66.412 
S1 1  77.595  81.621  79.870  19.227  13.242  7.351  58.368  68.379  72.519 
S  .1'.''  76.072  78.489  68.500  15.001  8.445  9.430  61.071  70.044  59.070 
Sl  91.237  92.219  83.789  10.591  0.499  10.343  80.647  91.720  73.446 
Meat`.  75.508  73.286  69.301  10.583  8.192  8.095  64.925  65.095  61.205 
SD:  9.381  11.255  10.405  6.357  4.601  5.319  12.760  14.075  12.428 298 
Table M.5. Maximum, minimum, and range of absolute values for angular displacement 
variables-right shoulder relative angle #2. 
Maximum  Minimum  Range 
1W  31  81 IW  31  81 IW  31  81 
SOI  106.612  103.806  101.412  79.512  82.512  83.573  27.100  21.294  17.839 
SO2  141.893  148.694  135.783  82.671  85.386  85.646  59.222  63.308  50.136 
S03  120.572  119.939  112.027  81.121  77.610  82.974  39.451  42.329  29.052 
SO4  119.494  118.106  114.044_  85.902  89.398  90.799  33.592  28.708  23.244 
SOS  124.952  116.926  120.942  81.292  83.267  76.485  43.659  33.660  44.458 
S06  107.509  113.895  122.720  80.169  76.427  81.185  27.340  37.468  41.536 
SO7  108.553  109.649  102.905  78.286  76.207  76.755  30.267  33.442  26.150 
SO8  114.270  139.252  112.003  78.154  77.251  74.282  36.116  62.002  37.720 
S09  129.868  125.784  118.353  75.345  75.475  77.391  54.524  50.309  40.962 
SW  114.853  114.840  120.789  76.783  75.011  75.651  38.071  39.829  45.138 
SI I  109.267  117.655  109.769  85.469  83.707  81.106  23.799  33.948  28.663 
S12  108.502  103.458  118.194  75.576  80.956  74.894  32.926  22.502  43.300 
S13  111.164  107.058  110.397  80.068  76.822  80.913  31.096  30.236  29.484 
Mean  116.732  118.390  115.334  80.027  80.002  80.127  36.705  38.387  35.206 
SD  10.464  13.187  9.030  3.329  4.517  4.837  10.512  13.262  9.968 
Table M.6. Maximum, minimum, and range of absolute values for angular displacement 
variables-right elbow relative angle. 
Maximum  Minimum  Range 
1W  81 1W 31  81 1W  31  81 
SO1  158.195  160.477  154.702  70.866  67.887  68.528  87.330  92.591  86.174 
S02  168.402  168.976  167.470  54.954  69.863  61.123  113.447  99.114  106.348 
S03  171.864  168.288  173.364  68.302  63.693  70.642  103.563  104.595  102.721 
SO4  163.856  162.891  166.855  59.426  61.140  59.671  104.430  101.752  107.184 
SOS  173.446  170.557  168.433  62.959  50.315  56.502  110.487  120.241  111.931 
S06 <:j  171.775  169.157  62.778  51.564  52.344  105.628  120.211  116.813 
S07  173.335  168.167  173.030  75.288  70.196  76.232  98.047  97.970  96.798 
SO8  173.268  169.670  169.668  84.723  86.478  93.316  88.545  83.192  76.352 --0 
509  161.901  164.158  165.940  58.974  66.590  60.675  102.927  97.568  105.265 
S10  167.324  169.517  170.087  64.636  65.862  67.077  102.689  103.655  103.010 
S11  168.514  171.676  168.389  79.260  79.448  74.626  89.255  92.228  93.763 
S12  170.303  165.566  164.878  59.451  74.674  67.073  110.852  90.892  97.804 
S13''  171.546  170.927  172.377  45.486  66.546  62.881  126.060  104.380  109.496 
Mean:i  168.489  167.896  168.027  65.162  67.250  66.976  103.328  100.645  101.051 
SD  4.718  3.562  4.782  10.537  9.896  10.495  10.934  10.650  10.959 299 
Table M.7. Maximum, minimum, and range of absolute values for angular displacement 
variables-right wrist relative angle. 
Maximum  Minimum  Range 
1W  31  81  1W  31  81  1W  31  81  4.0 
SO1  156.949  154.648  156.233  82.444  88.552  91.740  74.505  66.096  64.493 
SO2  137.220  141.235  140.100  71.284  83.639  87.530  65.936  57.597  52.570 
S03  150.661  149.347  147.603  62.684  69.788  78.919  87.977  79.559  68.684 
SO4  135.342  150.499  139.336  77.381  74.116  72.992  57.961  76.383  66.344 
SO5  142.707  138.912  139.293  85.690  92.333  80.612  57.017  46.579  58.681 
S06  137.016  145.124  153.147  78.236  74.717  80.085  58.780  70.407  73.062 
S07  142.741  155.151  151.664  69.678  82.876  89.103  73.062  72.275  62.561 
SO8  133.456  134.743  136.590  75.174  79.572  79.047  58.282  55.171  57.543 
SO9  147.484  148.815  154.037  73.652  86.762  75.345  73.832  62.053  78.692 
S10  '''  138.596  132.823  148.055  74.643  72.583  72.871  63.953  60.240  75.184 
S 11  160.037  172.527  173.859  78.596  69.434  79.883  81.442  103.093  93.976 
S12  150.345  160.451  168.418  65.559  68.267  69.390  84.785  92.184  99.027 
S13  ,  151.216  159.736  141.398  80.348  69.342  74.447  70.868  90.394  66.951 
Mean  144.905  149.539  149.980  75.028  77.845  79.382  69.877  71.695  70.598' 
SD  8.546  11.219  11.424  6.534  8.251  6.708  10.596  16.328  13.60" 
Table M.8. Maximum, minimum, and range of absolute values for angular displacement 
variables-left ankle relative angle. 
Maximum  Minimum  Range 
1W  '- Ithiw  1W  31  81 
SO1  74.009  76.024  75.148  55.639  60.389  58.519  18.370  15.635  16.629 
SO2  91.163  103.450  91.835  69.393  72.341  69.332  21.770  31.109  22.503 
SO3  82.863  81.566  83.128  66.485  66.863  63.359  16.379  14.703  19.769 
SO4  92.761  99.562  99.874  64.886  72.615  77.326  27.875  26.947  22.548 
SO5  :  91.226  96.034  97.188  59.693  70.494  72.467  31.533  25.539  24.721 
S06  91.569,  95.558  92.438  60.342  67.234  67.440  31.227  28.324  24.998 
SO7  94.270  91.271  86.095  66.331  65.248  66.888  27.939  26.023  19.207 
S08  79.308  75.523  82.905  55.862  57.901  64.209  23.447  17.622  18.696 -
S09  87.515  86.731  80.200  67.350  62.952  58.133  20.165  23.779  22.067  
S 10  87.719  88.953  87.649  65.734  64.075  65.511  21.985  24.878  22.138  
S11  86.054  88.180  86.966  54.145  56.214  59.302  31.909  31.966  27.664  
S12  87.462  79.043  76.859  66.640  57.525  57.353  20.823  21.518  19.506  
S13  78.976  93.327  89.919  57.500  63.539  62.474  21.477  29.789  27.446  
Mean  86.531  88.863  86.939  62.308  64.415  64.793  24.223  24.449  22.145  
SD  6.128  8.882  7.380  5.267  5.462  5.955  5.258  5.648  3.381  300 
Table M.9. Maximum, minimum, and range of absolute values for angular displacement 
variables-left knee relative angle. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W  31  81 
SO1  146.951  152.262  149.325  119.814  121.748  121.911  27.137  30.514  27.414 
SO2  159.694  171.003  163.760  134.217  132.091  131.597  25.477  38.912  32.164 
S03  155.884  151.608  156.493  129.138  128.359  125.817  26.747  23.249  30.676 
SO4  167.660  167.051  175.056  122.665  130.595  134.708  44.995  36.456  40.348 
S05  164.835  170.887  172.406  134.600  135.114  137.836  30.235  35.774  34.570 
S06  164.384  173.940  164.757  131.503  135.056  137.332  32.881  38.884  27.426 
S07  163.371  158.101  159.764  130.895  132.485  137.370  32.477  25.616  22.394 
S08  148.975  154.320  157.337  123.902  128.461  126.717  25.073  25.858  30.621 
S09  156.358  166.208  163.818  138.630  139.381  139.821  17.729  26.827  23.997 
S10  158.653  162.541  154.911  127.903  135.319  136.635  30.750  27.223  18.276 
S11  156.818  148.735  148.630  125.315  120.131  126.288  31.503  28.604  22.342 
S12  156.871  154.685  153.703  125.336  134.394  132.968  31.535  20.290  20.735 
S13  153.438  162.356  151.161  130.675  131.611  136.525  22.763  30.744  14.635 
Mean  157.992  161.054  159.317  128.815  131.134  132.733  29.177  29.919  26.584 
SD  6.104_  8.372_  8.328  5.341_  5.436  5.748  6.469  5.986  7.112 
Table M.10. Maximum, minimum, and range of absolute values for angular 
displacement variables-left hip relative angle. 
Maximum  Minimum  Range 
IW  31  81 1W  31  81 IW  31  81 
SOI  142.107  146.261  141.668  122.123  117.166  116.231  19.985  29.095  25.438 
SO2  143.414  138.805  137.326  129.366  121.266  117.543  14.048  17.539  19.784 
SO3  152.687  138.726  139.218  132.727  122.304  110.559  19.960  16.422  28.659 
SO4  148.283  167.976  146.679  119.380  126.090  125.136  28.902  41.886  21.543 
SO5  149.612  145.845  144.776  127.905  125.414  125.049  21.707  20.430  19.727 
S06  142.941  139.998  151.953  124.458  118.912  125.292  18.484  21.086  26.661 
S07  154.551  150.383  155.396  124.364  122.312  122.744  30.187  28.071  32.651 
S08  142.317  142.997  137.220  128.349  124.247  116.176  13.967  18.750  21.044 
SO9  158.240  156.399  151.516  131.001  130.285  122.026  27.239  26.113  29.490 
SIO  150.841  148.255  144.831  119.788  125.935  121.748  31.052  22.320  23.083 
SI 1  153.867  149.275  146.532  129.752  120.153  120.649  24.114  29.122  25.883 
S12  151.844  151.141  150.187  130.548  132.175  125.513  21.296  18.966  24.675 
S13  147.624  146.829  143.901  131.154  129.714  126.504  16.470  17.115  17.397 
Mean  149.102,  147.915  145.477  126.994  124.306  121.167  22.109  23.609  24.310 
SD  5.225  7.934  5.724  4.488  4.551  4.778  5.830  7.157  4.414 301 
Table M.11. Maximum, minimum, and range of absolute values for angular 
displacement variables-left shoulder relative angle #1. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SOI  114.673  120.519  118.772  18.767  13.529  12.300  95.905  106.990  106.472 
SO2  117.443  127.170  120.538  20.328  17.953  16.969  97.115  109.217  103.569 
S03  123.625  107.457  114.493  21.728  24.594  27.863  101.897  82.863  86.630 
SO4  101.486  105.591  113.795  14.381  11.401  15.456  87.105  94.190  98.339 
SO5  114.502  117.268  121.521  19.898  18.358  19.835  94.604  98.910  101.686 
S06  118.720  117.791  107.703  15.896  16.446  16.707  102.824  101.345  90.996 
S07  112.763  102.552  104.576  19.858  21.685  21.832  92.906  80.867  82.744 
S08  114.873  114.595  106.198  22.253  18.871  21.728  92.619  95.724  84.470 
S09  102.991  104.722  101.875  26.424  22.375  23.218  76.567  82.347  78.657 
S10  101.211  99.684  100.690  22.734  23.593  23.534  78.476  76.091  77.156 
S11  112.588  123.399  117.797  34.606  27.733  26.127  77.982  95.666  91.670 
S12  116.555  113.020  104.566_  21.313  18.074  18.122  95.242  94.946  86.445 
S13  115.225  119.863  121.078,  31.870  21.127  24.127  83.355  98.736  96.950 
Mean  112.820  113.356  111.815  22.312  19.672  20.601  90.507  93.684  91.214 
SD  6.850  8.637  7.785  5.725  4.495  4.513  8.955  10.244  9.554 
Table M.12. Maximum, minimum, and range of absolute values for angular 
displacement variables-left shoulder relative angle #2. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SO1  74.715  73.387  75.2091  42.662  39.588  34.435  32.054  33.798  40.774 
SO2  74.219  74.365  72.785  31.543  44.327  46.602  42.676  30.038  26.183 
S03  70.632  69.687  68.555  38.586  38.072  47.165  32.046  31.615  21.390 
SO4  72.209  73.020  70.718  36.532  43.210  46.763  35.677  29.810  23.955 
SOS  78.599  72.049  74.214  38.843  37.140  43.689  39.756  34.910  30.525 
SO6  80.827  76.112  80.101  57.944  57.466  53.691  22.883  18.646  26.410 
SO7 - 71.954  70.934  69.366  45.148  41.991  41.675  26.805  28.943  27.691 
S08  71.494  75.270  71.668  45.350  50.201  53.463  26.144  25.069  18.205  
S09  77.692  74.285  71.048  36.282  37.720  41.493  41.410  36.566  29.554  
SlO  73.463  83.374  74.724  40.876  36.498  36.856  32.587  46.876  37.869  
SIl  70.887  79.691  72.721  38.613  41.854  44.913  32.274  37.837  27.808  
S12  68.937  68.261  73.485  47.600  47.970  38.550  21.336  20.292  34.934  
S13  71.983  71.994  71.541  45.642  48.261  47.994  26.340  23.732  23.547  
Mean  73.662  74.033  72.780  41.971  43.408  44.407  31.691  30.625  28.373  
SD  3.478  4.048  2.963  6.625  6.164  5.820  6.865  7.710  6.438  302 
Table M.13. Maximum, minimum, and range of absolute values for angular 
displacement variables-left elbow relative angle. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  179.137  179.653  177.014  152.350  146.424  146.428  26.787  33.230  30.586 
SO2  178.239  178.503  176.737  141.362  141.430  146.734  36.877  37.073  30.003 
S03  172.616  176.073  178.515  152.666  157.059  161.024  19.950  19.015  17.491 
SO4  179.872  178.071  178.056  152.486  147.833  157.720  27.386  30.238  20.336 
S05  176.433  178.740  178.396  134.549  142.165  146.101  41.884  36.575  32.296 
S06  168.493  171.117  175.172  127.890  137.862  132.682  40.604  33.255  42.490 
S07  177.487  179.094  179.734  144.371  152.530  158.695  33.116  26.564  21.039 
S08  176.089  175.623  173.779  147.117  153.185  155.704  28.972  22.438  18.074 
S09  177.525  178.677  173.756  157.346  159.992  153.747  20.179  18.685  20.009 
S10  177.320  175.735  179.872  144.647  129.016  134.858  32.673  46.719  45.015 
S I I  175.306  178.967  178.655  151.290  136.978  133.349  24.016  41.989  45.307 
S12  177.681  179.316  177.496  143.487,  147.253  134.228  34.193  32.063  43.269 
S13  176.212  178.766  177.940  134.438,  137.789  142.899  41.774  40.977  35.041 
Mean  176.339  177.564  177.317  144.923  145.347  146.474  31.416  32.217  30.843 
SD  2.972  2.378  1.999  8.635  8.902  10.352  7.635  8.738  10.746 
Table M.14. Maximum, minimum, and range of absolute values for angular 
displacement variables-left wrist relative angle. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W  31  81 
SOI  172.562  176.271  156.850  81.324  81.087  83.469  91.238  95.183  73.381 
SO2  164.456  160.037  156.708  62.881  66.773  72.910  101.575  93.264  83.797 
S03  161.212  158.003  155.858  60.494  68.059  82.274  100.718  89.945  73.584 
SO4  168.996  163.648  165.220  65.590  69.797  71.018  103.406  93.851  94.202 
SOS  156.450  167.775  169.255  63.810  76.978  78.194  92.640  90.797  91.060 
SO6  144.511  166.369  153.208  77.148  79.082  81.776  67.363  87.286  71.432 
SO7  147.359  160.966  160.079  70.735  72.311  82.244  76.624  88.655  77.835 
SO8  157.155  140.560  140.112  69.729  84.858  95.304  87.425  55.702  44.808 
S09  160.300  165.443  158.373  79.817  80.981  83.135  80.483  84.461  75.238 
S I 0  158.345  156.859  156.887,  78.278  82.036  84.753  80.067  74.823  72.134 
Sll  163.186  154.679  158.697  89.687  103.204  90.762  73.499  51.475  67.935 
S12  171.159  176.660  169.412  71.724  76.294  75.882  99.435  100.366  93.529 
S13  141.598  160.729  143.517  67.268  64.145  81.436  74.330  96.584  62.081 
Mean  159.022  162.154  157.244  72.191  77.354  81.781  86.831  84.799  75.463 
SD  9.765  9.343  8.505  8.560  10.137  6.582  12.249  15.229  13.561 303 
Table M.15. Maximum, minimum, and range of absolute values for angular 
displacement variables-left pendulum relative angle. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SOI  88.213  89.845  83.884  7.400  15.260  19.077  80.813  74.584  64.807 
SO2  85.873  97.609  93.449  0.249  4.479  2.741  85.623  93.130  90.709 
S03  74.763  63.554  64.086  0.091  7.714  8.195  74.672  55.840  55.891 
SO4  64.330  71.867  81.754  9.492  12.113  17.435  54.838  59.754  64.318 
SO5  84.299  89.821  94.781  0.898  16.049  11.066  83.401  73.772  83.715 
506  74.590  73.167  72.501  16.951  18.401  22.302  57.639  54.766  50.199 
S07  81.842  72.392  72.135  9.736  18.968  26.619  72.106  53.424  45.516 
S08  83.048  82.218  67.547  7.395  8.247  13.653  75.652  73.971  53.894 
S09  68.021  70.279  69.552  16.543  19.636  27.308  51.478  50.643  42.244 
SI 0  56.592  56.677  57.335  7.580  17.337  12.015  49.012  39.340  45.321 
S I I  61.260  63.216  69.350  17.196  13.271  12.683  44.064  49.945  56.667 
S 1 2  82.066  66.628  60.545  17.383  18.621  21.598  64.683  48.008  38.946 
S13  92.369  85.962  70.954  1.469  9.696  16.311  90.900  76.267  54.643 
Mean  76.713  75.634  73.683  8.645  13.830  16.231  68.068  61.803  57.452 
SD  11.161  12.370  11.625  6.722  4.996  7.165  15.423  15.179  15.375 
Table M.16. Maximum, minimum, and range of absolute values for angular 
displacement variables-right knee angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  195.370  197.866  198.830  169.751  169.337  167.102  25.619  28.530  31.728 
SO2  195.757  210.052  218.825  171.880  174.355  175.790  23.877  35.697  43.035 
S03  191.919  200.928  207.275  153.631  154.319  168.302  38.288  46.609  38.973 
SO4  192.786  200.738  199.174  170.742  173.750  171.998  22.044  26.988  27.177 
SO5  192.769  190.911  202.659  164.678  159.582  165.561  28.091  31.329  37.098 
S06  181.189  184.861  193.776  165.153  169.581  167.558  16.036  15.280  26.218 
S07  210.781  204.788  201.230  168.140  172.498  174.649  42.641  32.291  26.581 
S08  210.647  201.963  208.687  178.194  177.553  181.163  32.453  24.411  27.524 
S09  181.579  185.747  199.989  162.307  166.468  180.137  19.271  19.279  19.852 
SIO  206.040  204.235  200.941  166.291  167.447  169.079  39.749  36.788  31.862 
S I I  200.442  186.510  195.895  163.963  164.864  169.735  36.479  21.646  26.160 
S12  206.865  209.321  217.444  171.111  174.270  177.096  35.754  35.050  40.349 
S13  196.471  210.017  190.201  172.652  180.297  175.388  23.819  29.720  14.813 
Mean  197.124  199.072  202.687  167.576  169.563  172.581  29.548  29.509  30.105 
SD  9.664  9.241  8.448  6.026  7.179  5.141  8.534  8.305  8.179 304 
Table M.17. Maximum, minimum, and range of absolute values for angular 
displacement variables-right knee angle projected onto sagittal plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SOl  226.494  226.778  225.047  198.688  202.272  204.161  27.805  24.506  20.886 
SO2  221.875  223.826  221.952  207.375  204.169  204.161  14.500  19.658  17.791 
SO3  232.279  231.002  234.886  217.906  209.805  222.097  14.374  21.197  12.789 
SO4  218.052  219.487  217.203  197.788  194.697  201.153  20.264  24.790  16.050 
SO5  211.095  217.607  219.810  201.145  205.116  205.776  9.950  12.491  14.033 
SO6  225.258  220.722  210.565  196.649  203.525  196.363  28.609  17.197  14.203 
S07  237.610  227.363  221.456  200.998  202.695  203.242  36.612  24.669  18.214 
SO8  231.540  228.575  225.941  211.008  208.948  208.807  20.532  19.627  17.134 
SO9  208.040  217.494  214.836  189.949  194.679  192.232  18.091  22.815  22.604 
SlO  232.341  226.748  231.941  198.389  199.800  199.909  33.952  26.947  32.032 
SI I  216.152  215.760  216.480  205.995  208.405  208.286  10.156  7.355  8.194 
S12  229.368  216.456  223.589  198.505  200.852  207.185  30.863  15.604  16.404 
S13  218.721  219.255  223.875  208.825  205.876  210.067  9.896  13.380  13.808 
Mean  223.756  222.390  222.122  202.555  203.141  204.880  21.200  19.249  17.242 
SD  8.975  5.200  6.684  7.366  4.819  7.253  9.447  5.794  5.753 
Table M.18. Maximum, minimum, and range of absolute values for angular 
displacement variables-right elbow angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 3I  81 1W  31  81  1W  31  81 
SO1  279.706  279.388  278.135  159.804  170.982  178.279  119.902  108.405  99.856 
SO2  284.700  268.362  270.170  144.902  150.893  159.153  139.798  117.469  111.017 
S03  282.538  285.116  278.586  146.001  169.105  166.693  136.537  116.012  111.892 
SO4  298.062  288.991  285.424  163.373  161.571  159.959  134.688  127.420  125.465 
SO5  286.662  304.952  299.891  151.980  149.937  133.007  134.682  155.015  166.884 
SO6  284.286  293.342  288.472  144.228  159.003  171.945  140.058  134.339  116.527 
S07  285.051  286.806  275.065  152.907  150.995  158.250  132.144  135.811  116.816 
SO8  265.569  262.614  258.587  150.019  130.318  171.740  115.550  132.296  86.846 
S09  290.991  285.486  284.543  150.765  159.872  166.591  140.226  125.615  117.952 
S 10  290.513  287.731  281.812  164.359  146.319  163.631  126.154  141.412  118.182 
S11  270.803  269.836  276.064  163.669  173.090  174.145  107.134  96.746  101.919 
S12  276.579  274.179  280.047  167.160  175.515  176.965  109.419  98.664  103.083 
S13 ,:  313.917  291.667  297.823  150.002  173.324  155.695  163.915  118.344  142.128 
Meng  285.337  282.959  281.125  154.552  159.302  164.312  130.785  123.658  116.813 
12.108  11.695  10.888  8.069  13.303  11.949  15.295  16.732  20.166 305 
Table M.19. Maximum, minimum, and range of absolute values for angular 
displacement variables-right wrist angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SO1  263.395  262.309  258.087  181.965  181.417  186.133  81.430  80.892  71.954 
SO2  278.615  288.814  285.548  200.664  206.314  207.834  77.951  82.500  77.714 
S03  281.719  275.121  264.190  199.015  197.652  201.333  82.704  77.469  62.857  
SO4  280.844  273.376  275.766  205.870  201.984  205.960  74.974  71.392  69.806  
SO5  266.282  272.498  274.183  198.410  199.911  200.323  67.872  72.588  73.860  
S06  283.187  279.577  280.139  189.609  187.426  198.973  93.578  92.151  81.166  
SO7  291.307  277.746  270.848  203.627  203.169  200.448  87.680  74.577  70.399  
S08  295.450  282.269  279.910  212.413  218.655  210.478  83.037  63.614  69.432  
SO9  272.083  264.838  260.819  198.742  198.922  200.766  73.340  65.916  60.053  
SlO  281.126  274.830  266.757  211.633  213.150  207.939  69.493  61.679  58.818  
S II  281.821  286.506  265.925  193.929  187.757  183.923  87.892  98.749  82.002  
S12  289.487  274.520  283.693  211.733  192.585  179.722  77.754  81.934  103.971  
S13  285.811  280.114  271.728  189.275  194.762  201.472  96.536  85.352  70.257  
Mean  280.856  276.348  272.123  199.760  198.746  198.870  81.096  77.601  73.253  
SD  9.254  7.531  8.724  9.419  10.395  9.665  8.748  10.921  11.687  
Table M.20. Maximum, minimum, and range of absolute values for angular 
displacement variables-left knee angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SOl  193.584  196.340  199.819  147.469  149.479  147.691  46.115  46.861  52.128 
SO2  207.315  194.233  191.609  175.992  167.475  169.134  31.323  26.758  22.475 
SO3  194.779  200.796  185.816  163.825  180.356  170.479  30.954  20.440  15.337 
SO4  186.212  195.834  187.067  160.739  166.380  165.853  25.473  29.454  21.214 
SO5  200.188  194.323  194.574  176.463  172.952  175.156  23.724  21.371  19.418 
S06  197.410  197.524  212.883  176.479  174.769  183.852  20.931  22.755  29.031 
S07  205.825  206.106  203.214  175.529  177.167  179.907  30.296  28.939  23.308 
S08  183.821  185.093  192.829  151.310  160.828  164.897  32.512  24.265  27.931 
S09  203.354  193.441  195.379  173.447  169.013  168.840  29.907  24.428  26.539 
S10  187.079  196.144  204.777  154.802  169.942  168.346  32.278  26.202  36.431 
S11  208.646  211.631  207.993  168.988  167.250  169.157  39.658  44.381  38.835  
S12  194.568  205.065  203.003  145.206  168.307  171.404  49.362  36.758  31.599  
S13  183.606  194.437  208.714  155.485  165.488  171.385  28.121  28.949  37.329  
Mean  195.876  197.767  199.052  163.518  168.416  169.700  32.358  29.351  29.352  
SD  8.872  6.754  8.551  11.741  7.713  8.495  8.244  8.372  9.928  306 
Table M.21. Maximum, minimum, and range of absolute values for angular 
displacement variables-left knee angle projected onto sagittal plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 I W 31  81 
S01  236.609  234.666  235.034  210.409  206.158  203.912  26.201  28.508  31.122 
SO2  226.681  227.054  228.280  189.156  185.593  195.391  37.525  41.460  32.889 
S03  230.050  231.788  233.765  200.663  205.879  203.530  29.387  25.908  30.235 
SO4  236.289  228.569  223.734  190.801  166.188  184.702  45.488  62.380  39.032 
SO5  224.874  224.818  222.142  185.239  185.487  180.573  39.635  39.331  41.568 
S06  228.707  224.899  220.612  185.249  184.783  173.374  43.458  40.116  47.238 
S07  229.211  227.638  222.630  180.819  194.317  181.228  48.392  33.321  41.402 
S08  234.043  230.830  232.561_  211.186  205.817  202.432  22.857  25.012  30.129 
S09  221.392  220.737  220.163  185.361  183.755  186.148  36.031  36.981  34.015 
S10  231.815  224.473  222.470  200.828  190.918  184.652  30.986  33.556  37.818 
S11  234.921  239.268  233.135  190.283  190.361  195.297  44.638  48.907  37.838 
S12  225.992  224.696  226.486  198.684  196.159  202.798  27.308  28.537  23.688 
S13  228.549  227.826  223.329  206.354  193.275  190.349_  22.195  34.552  32.980 
Mean  229.933  228.251  226.488  195.003  191.438  191.107  34.931  36.813  35.381 
SD  4.645  4.917  5.418  10.273_  11.097  10.206  9.029  10.257  6.213 
Table M.22. Maximum, minimum, and range of absolute values for angular 
displacement variables-left elbow angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W> 31  81 1W 31  81 1W 31  81 
SO1  208.893  211.245  212.350  176.609  178.057  180.230  32.284  33.189  32.120 
SO2  225.823  219.710  215.020  181.113  180.103  175.604  44.710  39.607  39.416 
S03  212.554  201.714  198.315  159.884  173.116  173.759  52.670  28.598  24.556 
SO4  212.579  213.501  201.000  177.954  179.668  176.244  34.625  33.833  24.756 
S05  218.035  221.427  218.514  176.510  175.138  171.559  41.525  46.290  46.955 
SO6  245.542  228.941  231.077  154.857  185.000  182.304  90.685  43.941  48.772 
SO7  221.862  204.897  195.376  175.796  173.948  172.033  46.066  30.948  23.343 
SO8  207.672  208.217  204.451  170.325  176.470  173.077  37.348  31.747  31.374 
S09  209.607  202.994  208.916  172.200  176.280  166.188  37.407  26.714  42.727 
SlO  219.410  228.409  225.154  176.765  172.796  179.798  42.645  55.613  45.355 
S 1 1  205.035  232.788  226.617  180.418  159.051  176.072  24.617  73.737  50.545 
S12  228.009  218.109  226.167  171.555  179.551  177.380  56.454  38.558  48.787 
S13  228.688  225.547  219.891  172.317  175.181  170.758  56.372  50.366  49.133 
Mean  218.747  216.731  214.065  172.793  175.720  175.001  45.954  41.011  39.065 
SD  11.295  10.493  11.765  7.658  6.048  4.416  16.367  13.148  10.437 307 
Table M.23. Maximum, minimum, and range of absolute values for angular 
displacement variables-left wrist angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W 31  81 
SO1  278.528  278.822  279.972  164.726  163.744  167.401  113.802  115.078  112.571 
SO2  301.223  290.184  291.870  167.153  173.863  179.010  134.070  116.322  112.859 
SO3  320.469  304.630  289.758  170.621  172.768  175.273  149.848  131.862  114.486 
SO4  297.574  292.973  292.726  167.662  165.713  169.971  129.912  127.261  122.754 
SO5  294.161  283.560  281.376  174.915  181.729  177.847  119.246  101.831  103.529 
S06  291.276  290.882  284.175  159.046  160.294  167.815  132.230  130.588  116.361 
S07  307.258  295.898  286.435  175.611  165.696  169.731  131.647  130.203  116.704 
S08  303.711  288.596  277.301  180.707  184.353  184.512  123.004  104.243  92.789 
S09  300.521  291.848  281.964  169.638  168.205  173.031  130.883  123.643  108.933 
SIO  308.268  295.750  290.563,  174.251  161.690  172.055  134.017  134.059  118.508 
S I1  291.882  277.857  283.408  167.617  172.482  162.941  124.265  105.375  120.467 
S12  303.035  295.494  293.169  179.174  155.101  154.471  123.861  140.392  138.699 
S13  301.118  308.820  290.390  175.478  156.963  177.182  125.641  151.857  113.208 
Mean  299.925  291.947  286.393  171.277  167.892  171.634  128.648  124.055  114.759 
SD  10.037  8.878  5.348  6.116  8.893  7.714  8.794  14.910  10.581 
Table M.24. Maximum, minimum, and range of absolute values for angular 
displacement variables-left pendulum angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W. 31  81 1W  31  81 1W  31  81 
SO1  292.340  284.953  281.872  163.188  163.537  170.077  129.152  121.416  111.796 
SO2  312.800  310.102  297.942  169.700  176.479  180.049  143.100  133.624  117.893 
SO3  327.816  313.897  297.253  171.547  170.240  172.398  156.269  143.657  124.855 
SO4  310.797  306.901  298.916  169.925  169.795  167.937  140.872  137.106  130.978 
SO5  305.126  300.273  295.515  173.687  179.227  177.393  131.439  121.047  118.122 
S06  309.139  305.809  301.880  161.703  164.275  170.842  147.436  141.534  131.038 
S07  317.565  305.632  290.814  174.224  171.427  172.243  143.341  134.205  118.571 
S08  312.933  300.851  286.000  177.624  182.704  181.030  135.309  118.147  104.969 
S09  311.646  297.038  288.055  168.265  170.319  169.089  143.381  126.719  118.966  
S I 0  322.232  309.303  306.703  183.634  179.341  179.315  138.598  129.961  127.388  
SII  302.543  299.068  293.349  167.835  174.297  175.202  134.708  124.771  118.147  
S12  318.561  304.689  305.513  176.302  164.247  170.356  142.258  140.442  135.157  
S13  321.524  323.188  306.812  174.019  161.313  176.506  147.505  161.875  130.306  
Mean  312.694  304.746  296.202  171.666  171.323  174.034  141.028  133.423  122.168  
SD  9.344  9.122  7.993  5.921  6.812  4.460  7.323  11.923  8.675  308 
Table M.25. Maximum, minimum, and range of absolute values for angular 
displacement variables-left pendulum angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SO1  319.246  317.018  310.871  48.392  46.385  40.140  270.854  270.633  270.731 
SO2  323.540  307.692  326.561  42.428  5.977  30.179  281.113  301.715  296.382 
S03  283.237  292.912  291.279  30.797  39.100  37.694  252.440  253.812  253.585 
SO4  304.982  303.197  300.863  46.143  41.301  40.289  258.839  261.896  260.574 
SO5  329.409  324.856  321.317  37.027,  39.716  34.177  292.382  285.140  287.140 
SO6  323.175  306.793  304.366  32.657  38.369  31.555  290.518  268.424  272.812 
S07  271.515  272.365  297.463  44.909  47.779  52.615  226.606  224.586  244.848 
S08  313.140  304.685  289.335  45.050  55.312  63.783  268.089  249.374  225.552 
SO9  268.935  283.893  298.670  57.934  49.237  44.732  211.001  234.656  253.938 
SIO  264.035  274.508  272.560  62.055  62.963  64.821  201.980  211.545  207.740 
Sll  253.736  261.462  272.013  70.109  71.009  63.543  183.627  190.453  208.470 
S12  276.846  263.145  280.002  43.114  51.077  50.784  233.732  212.069  229.218 
S13  257.031  267.432  283.650  31.949  26.968  30.420  225.082  240.465  253.230 
Mean  291.448  290.766  296.073  45.582  44.246  44.979  245.866  246.521  251.094 
SD  28.058  21.533  17.075  11.886  16.153  12.943  34.994  31.766  27.663 
Table M.26. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
IW  31,  .....  31  fil,  1W  31  81 
sot  120.091  118.623  105.107  -30.020  37.451  -12.394  150.111  156.074  117.501 
SO2  99.804  87.043  103.354  -34.890  -33.058  -34.588  134.694  120.100  137.941 
S03  113.743  94.545  96.055  -34.004  -29.525  -23.085  147.747  124.070  119.140 
SO4  92.831  94.255  104.117  -28.571  -28.537  -25.997  121.403  122.792  130.114 
S05  116.499  114.878  110.668  -38.592  -30.440  -42.215  155.091  145.318  152.883 
S06  110.348  103.658  95.637  -26.018  -31.948  -22.321  136.367  135.605  117.958 
SO7  119.654  113.329  108.439  -38.978  -21.489  -29.688  158.632  134.818  138.127 
SO8  125.006  130.514  118.783  -40.357  -25.558  -17.989  165.362  156.072  136.772 
SO9  104.836  93.723  88.146  -21.536  -16.426  -14.782  126.372  110.150  102.929 
S10  105.462  109.689  103.539  -25.792  -18.397  -29.989  131.254  128.086  133.528 
SI 1  123.526  119.983  120.323  -23.552  -25.598  -15.962  147.078  145.580  136.285 
S12  133.080  123.637  106.219  -15.346  -25.088  -18.428  148.427  148.725  124.647 
S13  120.250  111.806  101.850  -25.320  -29.539  -30.120  145.569  141.346  131.970 
Mean  114.241  108.899  104.787  -29.460  -27.158  -24.428  143.700  136.057  129.215 
11.216  13.299  8.836  7.546  5.923  8.690  12.923  14.367  12.673 309 
Table M.27. Maximum, minimum, and range of absolute values for angular 
displacement variables-hip segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81  1W  31  81 
SO1  51.441  48.057  57.444  -41.346,  -37.617  -28.661  92.787  85.674  86.104 
SO2  54.200  40.232  45.377  -52.378  -57.909  -39.378  106.578  98.142  84.755 
S03  65.126  62.939  47.770  -50.344  -48.683  -33.044  115.470  111.621  80.814 
SO4  43.094  43.753  50.267  -54.137  -39.698  -40.003  97.231  83.452  90.270 
SO5  53.190  56.560  51.350  -50.194  -49.836  -52.069  103.385  106.396  103.419 
S06  47.165  40.935  53.419  -50.625  -51.522  -39.573  97.790  92.457  92.993 
S07  53.146  46.977  45.231  -54.644  -50.261  -36.641  107.790  97.238  81.872 
S08  49.384  45.729  36.031  -50.249  -49.721  -41.947  99.633  95.450  77.978 
S09  55.231  47.566  46.719  -33.309  -37.734  -40.232  88.540  85.300  86.951 
SIO  45.591  43.781  41.448  -40.985  -42.266  -44.746  86.575  86.047  86.194 
S11  46.723  43.470  43.401  -40.103  -34.982  -35.483  86.825  78.452  78.884 
S12  62.446  48.636  47.070  -40.420  -48.952  -39.186  102.866  97.588  86.256 
S13  50.852  45.645  43.106  -39.884  -43.777  -48.405  90.736  89.422  91.511 
Mean  52.122  47.252  46.818  -46.048  -45.612  -39.951  98.170  92.864  86.769 
SD  6.320  6.246  5.516  6.884  6.780  6.141  8.921  9.463  6.799 
Table M.28. Maximum, minimum, and range of absolute values for angular 
displacement variables-inter knee segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W  31  81 1W 31  81 
SO1  50.445  51.214  52.782  -21.535  -24.039  -23.135  71.980  75.253  75.916 
SO2  29.831  33.388  34.072  -34.217  -52.279  -35.419  64.047  85.666  69.491 
S03  37.455  28.613  34.423  -31.125  -26.134  -39.017  68.580  54.747  73.440 
SO4  34.747  37.456  37.365  -33.730  -36.985  -40.274  68.477  74.440  77.639 
SOS  27.804  31.108  29.817  -31.530  -35.332  -48.489  59.335  66.440  78.307 
S06  35.704  36.158  38.956  -32.389  -46.120  -31.092  68.093  82.278  70.048 
S07  36.536  37.168  33.041  -41.763  -36.212  -33.993  78.299  73.380  67.034 
SO8  37.419  33.048  33.098  -33.854  -20.236  -29.334  71.273  53.284  62.432 
S09  38.390  32.935  36.740  -19.652  -31.363  -35.405  58.041  64.298  72.144 
SIO  39.625  31.737  34.666  -34.570  -36.066  -41.517  74.196  67.803  76.182 
S II  ,,,..  30.232  33.267  33.987  -30.061  -22.794  -22.203  60.293  56.061  56.191 
S12  56.239  36.183  38.191  -29.772  -38.954  -33.244  86.011  75.137  71.435 
S1  32.665  33.474  28.768  -25.482  -31.337  -31.735  58.148  64.811  60.503 
Me  37.469  35.057  35.839  -30.745  -33.681  -34.220  68.213  68.738  70.059 
SD  7.983_  5.469  5.895  5.825  9.193  7.231  8.375  10.181  6.869 310 
Table M.29. Maximum, minimum, and range of absolute values for angular 
displacement variables-golf club segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  281.394  275.685  275.399  -20.271  -15.793  -0.074  301.664  291.478  275.473 
SO2  298.840  296.715  291.037  -10.668  0.513  0.082  309.508  296.202  290.955 
S03  290.337  275.973  266.453  -12.693  -5.540  -2.379  303.030  281.513  268.832 
SO4  282.810  277.347  268.062  -11.426  -13.230  -8.035  294.235  290.577  276.098 
SO5  306.802  298.156  295.295  -7.800  -0.614  0.281  314.602  298.771  295.014 
S06  297.863  284.097  280.758  -9.484  -6.085  -2.853  307.347  290.183  283.611 
S07  295.564  286.310  269.317  -4.205  -8.698  -17.850  299.769  295.007  287.167 
S08  285.686  277.423  264.998  -18.927  -1.185  0.698  304.613  278.608  264.300 
S09  279.263  276.302  268.525  -4.549  -14.799  -16.555  283.812  291.102  285.080 
S10  266.521  264.016  260.260  -1.561  -6.736  -19.879  268.082  270.751  280.139 
S I I  277.640  270.797  268.479  -14.314  -8.571  9.776  291.954  279.368  258.702 
S12  283.124  266.204  262.969  -12.748  -13.186  -16.493  295.873  279.390  279.461 
S13  301.611  291.355  278.528  -17.430  -26.726  -11.326  319.041  318.081  289.854 
Mean  288.266  280.029  273.083  -11.237  -9.281  -6.508  299.502  289.310  279.591 
SD  11.402  10.752  10.673  5.745  7.506  9.184  13.373  11.988  10.768 
Table M.30. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81  I W  31  81 
SO1  125.920  123.226  108.383  -61.218  -48.823  -41.745  187.138  172.049  150.128 
SO2  109.429  87.239  108.095  -48.050  -46.280  -54.386  157.479  133.519  162.481 
S03  125.103  97.485  98.216  -49.805  -37.140  -41.161  174.908  134.625  139.377 
SO4  95.731  96.642  104.536  -33.357  -37.061  -29.095  129.089  133.702  133.631 
SO5  147.802  131.890  121.031  -51.571  -41.930  -50.861  199.374  173.820  171.892 
S06  125.811  112.389  98.237  -27.454  -25.896  -26.639  153.266  138.285  124.876 
S07  132.009  129.517  113.133  -42.751  -34.936  -25.066  174.760  164.452  138.199 
S08  146.971  143.379  138.655  -52.455  -54.318  -51.527  199.427  197.696  190.182 
S09  118.991  95.922  87.402  -25.635  -32.721  -34.495  144.626  128.643  121.897 
S10  132.051  139.447  118.431  -36.062  -27.725  -39.116  168.113  167.171  157.547 
SII  155.570  146.964  141.650  -32.978  -37.700  -28.836  188.548  184.664  170.487 
S12  152.614  150.197  119.653  -34.440  -28.867  -26.687  187.053  179.064  146.340 
S13  146.057  133.989  110.630  -42.455  -38.862  -36.681  188.513  172.851  147.311 
Mean  131.851  122.176  112.927  -41.402  -37.866  -37.407  173.253  160.042  150.334 
SD  17.721  21.802  15.361  10.770  8.378  10.162  21.732  23.196  19.762 311 
Table M.31. Maximum, minimum, and range of absolute values for angular 
displacement variables-hip segment angle projected onto frontal plane. 
Maximum  Minimum  Ran:e 
Ai 31  81 INV 31 81 INV 31  81 
SO1  28.141  25.256  30.927  -13.812  -4.661  -6.929  41.954  29.917  37.85. 
SO2  31.425  28.242  25.262  -5.887  -7.485  -4.152  37.312  35.726  29.41  
S03  14.271  17.658  10.338  -21.816  -13.396  -4.805  36.087  31.054  15.143  
SO4  22.746  17.258  28.713  -7.940  -14.751  -3.150  30.686  32.009  31.863  
SO5  19.351  23.478  22.195  -17.806  -9.178  -9.441  37.157  32.656  31.63  
SO6  18.861  15.200  20.610  -13.150  -5.419  -6.003  32.011  20.619  26.613  
SO7  19.128  13.850  7.276  -5.547  0.583  -15.220  24.675  13.268  22.495  
S08  12.081  8.717  12.147  -12.897  -17.126  -5.164  24.978  25.843  
SO  28.784  21.016  18.748  -9.509  -12.427  -17.749  38.293  33.444  36.49  
17.809  16.934  14.591  -11.980  -9.326  -7.040  29.789  26.260  21.631  
24.461  20.451  15.085  -8.472  -2.307  -8.129  32.933  22.758  23.213  
41.549  20.924  15.686  -0.603  -4.028  -5.488  42.152  24.952  
15.751  12.292  10.651  -9.984  -9.894  -4.735  25.736  22.186  15.38. 
22.643  18.560  17.864  -10.723  -8.417  -7.539  33.366  26.976  25.403  
8.144  5.422  7.342  5.495  5.180  4.341  6.046  6.300  7.59: 
Table M.32. Maximum, minimum, and range of absolute values for angular 
displacement variables-inter knee segment angle projected onto frontal plane. 
Rane 
31  81 
10.224  10.217  16.809  -5.590  -3.942  -5.166  15.814  14.159  21.97 
10.545  9.894  9.938  -3.503  -8.840  -14.954  14.048  18.734  24.89 
9.859  17.548  10.598  -8.610  -1.830  -8.122  18.470  19.378  18.72 
10.256  11.039  12.614  -4.979  -3.710  0.642  15.235  14.749  11.97 
9.687  12.598  11.944  -4.303  -1.971  -6.575  13.990  14.569  18.51 
9.003  11.951  6.030  -6.022  3.676  -3.490  15.025  8.275 
1.438  -0.345  7.720  -9.034  -8.471  -7.788  10.472  8.127  15.50 
15.101  12.889  14.101  -10.229  -7.118  -2.227  25.330  20.007  16.32 
15.857  13.320  12.713  2.074  -1.710  -1.480  13.784  15.030  14.193 
8.719  8.456  2.774  -6.431  -2.870  -4.312  15.150  11.326 
14.686  13.988  10.619  -9.251  -0.574  -3.717  23.938  14.562 
19.977  21.089  7.620  2.554  -3.822  -5.739  17.423  24.911 
9.759  8.546  8.961  -1.338  -2.868  -1.323  11.097  11.414  10.283 
11.162  11.630  10.188  -4.974  -3.388  -4.942  16.137  15.018 
4.480  5.032  3.667  4.097  3.362  3.973  4.355  4.799  5.02 312 
81 
Table M.33. Maximum, minimum, and range of absolute values for angular 
displacement variables-right upper arm segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81  1W  31  81< 1W  31 
SO1  99.744  95.281  86.611  -45.111  -48.033  -46.529  144.856  143.314  133.140 
SO2  104.987  117.239  109.197  -27.536  -17.828  -28.433  132.523  135.066  137.629 
SO3  81.814  76.884  74.465  -25.231  -33.209  -31.949  107.045  110.093  106.414 
SO4  59.939  65.354  65.483  -36.870  -23.959  -22.681  96.809  89.313  88.164 
SO5  98.811  87.255  89.242  -24.922  -24.698  -24.349  123.733  111.953  113,591 
S06  76.523  70.969  60.929  -22.527  -21.907  -28.475  99.050  92.876  89.404 
S07  71.773  64.604  63.103  -18.840  -19.534  -20.841  90.613  84.138  83.944 
SO8  95.496  91.741  87.992  -29.264  -23.465  -32.939  124.760  115.206  120.931 
S09  74.548  76.334  75.260  -19.531  -24.722  -25.542  94.079  101.056  100.802 
SIO  89.015  91.200  81.146  -39.919  -22.993_  -26.955  128.934  114.193  108.101 
Sll  85.249  94.379  94.878  -21.567  -13.466  -33.991  106.816  107.846  128.869 
S12  97.180  100.345  75.696  -34.906  -36.328  -44.443  132.086  136.673  120.139 
S13  100.537  98.285  87.253  -34.006  -39.121  -27.406  134.543  137.406  114.659 
Mean  87.355  86.913  80.866  -29.248  -26.866  -30.349  116.604  113.780  111.214 
SD  13.680  15.347  13.670  8.281  9.626  7.739  18.149  19.447  17.257 
Table M.34. Maximum, minimum, and range of absolute values for angular 
displacement variables-right forearm segment angle projected onto frontal plane. 
1 
187.979  184.611  183.602  -65.308  -57.051  -48.250  253.287  241.662  231.85 
199.922  174.687  175.369  -62.634  -46.935  -49.279  262.556  221.622  224.64: 
158.862  160.107  157.930  -59.230  -44.105  -45.256  218.092  204.212  203.18. 
171.025  172.862  169.371  -53.292  -35.399  -34.778  224.317  208.261  204.15$ 
200.850  193.971  203.155  -52.942  -54.761  -54.544  253.792  248.732  257.69' 
171.891  169.390  156.190  -58.299  -42.905  -34.443  230.190  212.295  190.63 
168.367  163.587  156.610  -45.704  -41.263  -33.365  214.071  204.850  189.97 
166.788  160.223  141.462  -59.245  -55.360  -41.198  226.033  215.583  182.66' 
173.628  172.891  174.812  -48.766  -44.850  -33.205  222.394  217.741  208.01 
190.378  195.973  181.496  -55.560  -56.673  -43.324  245.938  252.646  224.821 
171.608  180.128  190.624  -37.899  -20.274  -17.481  209.507  200.403  208.10 
185.243  181.110  161.110  -47.746  -24.278  -25.394  232.989  205.388  186.50 
186.197  197.095  182.850  -64.004  -45.797  -51.711  250.201  242.893  234.56' 
179.441  177.434  171.891  -54.664  -43.819  -39.402  234.105  221.253  211.29 
13.162  12.839  16.887  8.004  11.628  10.829  17.179  18.630 313 
Table M.35. Maximum, minimum, and range of absolute values for angular 
displacement variables-left upper arm segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
W  31  81 1W  31  81 1W 31  81 
SO1  160.423  164.203  146.888  -36.484  -30.204  -25.811  196.907  194.406  172.699 
SO2  146.995  127.411  140.561  -21.492  -5.513  -14.602  168.488  132.925  155.164 
S03  128.827  123.172  123.836  -2.647  -16.362  -13.803  131.474  139.534  137.639 
SO4  131.320  124.335  132.755  -3.189  -0.180  6.387  134.509  124.515  126.368 
SO5  157.718  157.138  147.347  -25.566  -19.926  -21.043  183.283  177.064  168.391 
S06  120.018  123.654  113.972  -9.465  -14.053  -15.039_  129.484  137.708  129.010 
SO7  138.694  138.562  136.753  -3.568  -7.839  -1.367  142.262  146.401  138.119 
SO8  152.925  149.843  138.543  -13.994  -15.612  -21.574  166.920  165.455  160.117 
S09  145.433  136.868  129.838  3.732  -10.158  1.596  141.701  147.026  128.242 
S 10  134.831  146.725  140.675  -16.362  -20.458  -15.936  151.193  167.183  156.611 
S11  176.039  152.474  159.303  -6.703  6.875  -9.814  182.742  145.599  169.117 
S12  172.726  156.990  131.325  -6.772  1.186  -8.700  179.498  155.805  140.025  
S 1 3  155.456  138.717  135.950  -7.642  -8.765  -5.488  163.097  147.482  141.438  
Mean  147.800  141.546  136.750  -11.550  -10.847  -11.169  159.351  152.393  147.919  
SD  16.887  14.150_  11.315  11.025_  10.115  9.505  22.449  19.250  16.519  
Table M.36. Maximum, minimum, and range of absolute values for angular 
displacement variables-left forearm segment angle projected onto frontal plane. 
-J  . POI111116..  .  ,,  ..  .. 
, 
IRPR.,,W7111!tM," 
172.735  165.332 
...  . 
162.547  -17.744  -8.644  -7.268 
111111MIMBREM 
190.479  173.975 
gl 
169.81 
ME 
184.262 
160.608 
165.374 
144.828 
172.608 
137.586 
-20.380 
-22.763 
0.744 
-13.484 
-18.998 
-12.698 
204.642 
183.372 
164.629 
158.312 
191.60 
150.28 
k  157.039  151.878  141.890  -5.235  -0.512  2.630  162.274  152.390  139.25' 
185.472  187.475  181.698  -6.920  -9.929  -1.727  192.392  197.404  183.42 
180.947  166.867  157.807  -34.608  -5.547  -1.472  215.555  172.414  159.27' 
179.869  160.131  149.532  -7.773  2.541  3.484  187.641  157.589  146.04: 
180.598  170.652  158.487  -23.67  -16.406  -22.612  204.267  187.058  181.10' 
171.165  159.024  157.860  -4.068  2.516  -12.215  175.233  156.508  170.07 
171.601  168.559  161.805  1.021  -0.697  -2.497  170.580  169.256  164.301 
186.821  200.234  178.278  -4.706  -14.074  13.518  191.527  214.308  164.761 
217.033  182.206  167.659  -15.217  16.792  16.681  232.251  165.414  150.97 
179.881  181.617  165.741  -10.552  -0.578  -12.839  190.432  182.195  178.57' 
179.079  169.552  161.038  -13.278  -3.637  -4.309  192.357  173.189  165.34 
14.609  15.100  12.919  10.135  9.026  11.728  18.721  17.974  15.82' 314 
Table M.37. Maximum, minimum, and range of absolute values for angular 
displacement variables-left arm segment angle projected onto frontal plane. 
. 
a 
.t.  ' 
SO1  167.259  164.761  154.553  -28.581,  -20.144  -16.863  195.839  184.905  171.416 
SO2  167.075  145.298  155.901  -21.063  -2.667  -16.625  188.139  147.965  172.526 
S03  141.800  133.346  129.868  -13.045  -14.875  -13.271  154.845  148.221  143.140 
SO4  143.822  138.276  137.589  -4.089  -0.310  4.664  147.910  138.586  132.925 
SO5>  173.863  173.204  164.550  -16.916  -15.159  -12.129  190.780  188.363  176.678 
S06  147.324  145.927  137.005  -22.948  -9.810  -8.878  170.272  155.737  145.883 
S07  160.783  150.618  143.902  -5.518  -3.190  0.971  166.300  153.807  142.931 
SOS  168.164  161.644  149.056  -18.551  -15.955  -22.064  186.714  177.599  171.120 
S09  160.017  148.168  143.059  -0.071  -3.646  -5.056  160.088  151.815  148.114 
SIO  156.563  159.551  152.377  -8.362  -2.941  -9.757  164.925  162.493  162.134 
S 11  180.978  175.888  168.216  -5.697  -2.271  6.828  186.676  178.158  161.388 
512  196.777  169.567  151.509  -10.631  8.870  3.462  207.407  160.697  148.047 
S13  168.546  159.678  148.245  -9.092  -4.928  -8.987  177.638  164.606  157.232 
Mean  164.075  155.841  148.910  -12.659  -6.694  -7.516  176.733  162.535  156.426 
SD  15.214  13.365  10.836  8.414  8.023  9.120  17.582  15.476  13.932 
Table M.38. Maximum, minimum, and range of absolute values for angular 
displacement variables-golf club segment angle projected onto frontal plane. 
NI 
270.857  266.738  258.633  -15.337  -9.560  -0.065  286.194  276.298  258.69 
Ea 
295.577  280.702  276.812  -11.020  0.434  0.059  306.597  280.267  276.75 
259.864  250.943  235.735  -14.875  -5.772  -1.952  274.739  256.715  237.68  ma  271.548  266.478  254.801  -12.224  -10.717  -5.750  283.772  277.195  260.551 
ME,  292.220  287.276  280.858  -8.132  -0.545  0.223  300.352  287.821  280.63' 
274.985  266.668  256.225  -11.134  -5.288  -2.448  286.118  271.957  258.67 
277.901  263.053  250.053  -4.308  -8.386  -11.008  282.209  271.439  261.061 
281.984  263.244  238.747  -16.252  -1.021  0.548  298.237  264.266  238.19' 
267.946  255.995  251.648  -4.632  -10.712  -9.026  272.578  266.707  260.67 
266.840  260.743  252.432  -1.484  -5.857  -15.566  268.323  266.600  267.99 
270.492  269.604  259.519  -14.798  -7.062  9.332  285.290  276.666  250.18 
286.629  268.150  254.056  -10.365  -9.008  -12.018  296.994  277.159  266.07 
282.691  279.051  261.744  -19.010  -24.124  -9.103  301.701  303.175  270.84 
276.887  267.588  256.251  -11.044  -7.509  -4.367  287.931  275.097  260.61: 
10.488  9.983  12.527  5.212  6.248  6.798  12.035  11.585  12.89 3 1 5 
Table M.39. Maximum, minimum, and range of absolute values for angular 
displacement variables-rotational axis segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81  I W 31  81 
SOl  -3.979  1.259  -1.017,  -22.123  -15.504  -17.766  18.145  16.762  16.749 
SO2  -2.504  -1.046  -6.684'  -17.810  -12.322  -17.875  15.307  11.277  11.191 
S03  -7.219  -4.985  -5.738  -19.132  -22.411  -16.689  11.913  17.425  10.951 
SO4  1.015  4.198  7.370  -15.751  -7.546  -7.554  16.765  11.744  14.924 
SO5  -7.126  -6.592  -4.971  -21.304  -22.309  -14.795  14.179  15.717  9.825 
SO6  -3.828  0.850  -1.177  -19.933  -14.743  -12.744  16.105  15.593  11.566 
S07  14.109  -3.177  15.916  1.787  -16.017  3.066  12.322  12.840  12.851 
S08  -4.489,  -3.228  -1.163  -17.376  -14.458  -20.795  12.887  11.230  19.632 
S09  -0.384  -1.837  4.403  -12.601  -11.516  -6.688  12.217  9.679  11.092 
S10  -2.675  -1.501  -3.114  -22.827  -15.668  -15.616  20.152  14.167  12.502 
S11  -4.234  -3.444  -1.405  -14.000  -13.185  -12.387  9.766  9.740  10.983 
S12  -6.238  2.477  -2.280  -19.493  -13.371  -14.465  13.255  15.848  12.185 
S13  -6.060  -4.331  -3.230  -19.614  -17.441  -19.386  13.554  13.109  16.156 
Mean  -2.586  -1.643  -0.238  -16.937  -15.115  -13.361  14.351  13.472  13.124 
SD  5.582  3.124  6.189  6.381  4.052  6.456  2.850  2.643  2.883 
Table M.40. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment vs. hip segment angle projected onto frontal 
plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W 31  81 
SO1  100.118  100.250  83.806  -47.405  -45.732  -37.853  147.524  145.982  121.659 
SO2  81.877  64.886  86.508  -42.163  -38.795  -50.235  124.040  103.681  136.743 
S03  112.619  79.932  88.242  -28.390  -23.744  -36.965  141.009  103.676  125.207 
SO4  79.074  85.810  81.538  -25.598  -23.420  -30.558  104.671  109.230  112.096 
SO5  136.063  113.133  106.241  -33.798  -32.752  -43.348  169.862  145.885  149.588 
S06  118.616  102.545  83.061  -14.304  -20.477  -20.921  132.920  123.022  103.982 
S07  122.855  117.699  111.290  -40.232  -39.766  -14.276  163.088  157.465  125.566 
SOS  140.654  137.555  130.630  -39.558  -42.840  -46.363  180.212  180.395  176.993 
SO9  90.543  76.857  71.135  -16.126  -22.287  -16.747  106.669  99.144  87.882 
SlO  117.228  130.229  113.787_  -24.082  -18.398  -37.503  141.310  148.627  151.290 
S I I  138.779  137.430  133.304  -26.479  -35.846  -20.708  165.258  173.275  154.012 
S12  125.533  135.311  105.288  -37.280  -32.889  -22.559  162.813  168.200  127.847 
S13  131.997  124.406  101.201  -32.559  -28.968  -33.190  164.556  153.374  134.391 
Mean  115.074  108.157  99.695  -31.383  -31.224  -31.633  146.456  139.381  131.327 
SD  21.134  25.112  19.312  10.018  9.055  11.707  24.126  28.432  23.367 316 
Table M.41. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment vs. hip segment angle projected onto 
transverse plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SO1  69.259  75.869  56.579  -8.605  -10.091  -13.182  77.864  85.960  69.760 
SO2  58.653  56.246  66.015  -9.777  -8.836  -6.958  68.430  65.082  72.973 
SO3  48.965  39.551  49.833  -11.468  -8.292  5.490  60.433  47.843  44.343 
SO4  51.213  52.310  55.111  -18.111  -10.881  -6.529  69.324  63.191  61.640 
SO5  71.740  66.252  67.430  -14.519  -17.190  -16.638  86.259  83.442  84.068 
S06  68.859  68.476  55.387  -6.638  -10.884  -15.903  75.496  79.360  71.290 
SO7  74.364  73.818  69.915  -9.776  -18.855  -11.717  84.140  92.673  81.632 
S08  84.595  85.422  83.162  -2.735  -8.219  -1.166  87.330  93.641'  84.328 
S09  51.604  49.282  53.888  -15.546  -16.749  -17.382  67.150  66.031  71.270 
SlO  64.608  68.823  70.859  -6.565  -6.181  -4.288  71.174  75.004  75.146 
S 1 I  85.349  92.331  77.957  -2.525  -5.316  -8.228  87.874  97.647  86.185 
S12  74.160  76.936  61.870  -9.304  -15.139  -7.383  83.464  92.075  69.253 
S13  72.949  67.588  59.458  -5.796  -10.985  -10.088  78.745  78.573  69.545 
Mean  67.409  67.147  63.651  -9.336  -11.355  -8.767  76.745  78.502  72.418 
SD  11.913  14.747  9.978  4.702  4.327  6.510  8.881  14.674  11.151 
Table M.42. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment vs. inter knee segment angle projected onto 
frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  117.051  114.696  93.657  -55.764  -46.004  -38.495  172.815  160.699  132.152 
SO2  100.529  78.679  103.356  -51.385  -39.142  -41.080  151.914  117.821  144.436 
S03  115.588  80.401  87.744  -44.045  -39.536  -33.039  159.633  119.937  120.782 
SO4  86.022  87.920  94.698  -31.602  -37.042  -33.433  117.623  124.962  128.132 
505  139.451  121.507  110.655  -51.359  -41.147  -44.286  190.810  162.654  154.941 
S06  121.024  103.871  95.645  -21.433  -33.207  -27.233  142.456  137.077  122.878 
SO7  140.085  136.967  108.514  -35.336  -26.464  -23.896  175.421  163.431  132.409 
SO8  132.701  131.521  127.633  -46.454  -50.075  -49.300  179.156  181.596  176.934 
SO9  105.572  83.808  74.778  -31.371  -37.736  -33.842,  136.944  121.544  108.621 
S I 0  124.878  131.189  118.036  -30.745  -24.918  -36.192  155.623  156.107  154.228 
S 1I  145.730  136.870  131.774  -31.098  -46.548  -26.992  176.828  183.417  158.766 
S12  140.456  131.607  113.169  -38.593  -38.170  -31.671  179.049  169.777  144.841 
S13  136.302  128.247  102.224  -44.939  -35.993  -36.311  181.241  164.240  138.536 
Mean  123.491  112.868  104.760  -39.548  -38.153  -35.059  163.039  151.020  139.820 
SD  18.087  22.871  15.951  10.269  7.237  7.127  21.243  23.683  18.471 317 
Table M.43. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment vs. inter knee segment angle projected onto 
transverse plane. 
Maximum  Minimum	  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  69.646  69.897  58.064  -9.748  -13.413  -0.566  79.393  83.310  58.630 
SO2  72.924  61.448  72.131  -0.674  6.337  0.831  73.598  55.111  71.299 
S03  76.352  66.595  61.632  -2.879  -3.391  6.439  79.232  69.987  55.193 
SO4  62.464  58.862  67.264  -2.137  3.349  3.593  64.601  55.513  63.671 
S05  89.329  85.533  82.814  -7.061  0.866  2.798  96.390  84.667  80.016 
S06  79.295  71.424  59.776  6.371  1.375  -5.694  72.925  70.049  65.470 
S07  94.694  82.374  79.137  2.785  -4.280  0.200  91.909  86.654  78.937 
S08  90.071  98.714  85.841  -6.503  -5.322  -0.756  96.574  104.036  86.597 
S09  66.604  61.459  55.947  -4.398  -6.769  -1.422  71.003  68.227  57.369 
S10  68.133  81.036  79.329  -2.914  -5.834  -2.861  71.047  86.870  82.190 
Si 1  94.357  94.869  86.337  -2.987  -2.804  -7.494  97.343  97.673  93.831 
S 12  78.661  89.681  68.371  -4.993  -10.211  1.000  83.653  99.892  67.371 
S13  88.656  79.109  74.261  0.163  -2.596  1.614  88.493  81.706  72.647 
Mean	  79.322  77.000  71.608  -2.690  -3.284  -0.178  82.012  80.284  71.786 
SD  11.106  13.154  10.670_  4.247  5.405  3.717  11.214  15.729  11.955 
Table M.44. Maximum, minimum, and range of absolute values for angular 
displacement variables-hip segment vs. inter knee segment angle projected onto frontal 
plane. 
Maximum  Minimum	  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  18.220  15.114  14.327  -8.359  -0.719  -1.763  26.579  15.833  16.090 
SO2  22.245  18.636  17.472  -9.222  -0.347  -2.441  31.468  18.983  19.913 
S03  7.139  4.672  2.017  -15.655  -16.833  -3.926  22.793  21.505  5.943 
SO4  13.457  6.337  16.647  -6.004  -13.622  -3.792  19.461  19.959  20.439 
S05  9.695  10.889  11.919  -17.561  -8.395  -8.901  27.255  19.284  20.820 
S06  9.901  6.656  15.157  -7.128  -12.731  -6.312  17.029  19.387  21.469 
S07  27.953  21.396  -0.354  -6.948  1.622  -9.620  34.901  19.774  9.267 
S08  9.144  3.676  1.165  -3.958  -10.701  -6.014  13.102  14.377  7.179 
S09  17.089  8.566  6.075  -15.245  -15.571  -17.096  32.334  24.136  23.171 
S10  9.129  9.966  17.124  -6.663  -6.520  -9.804  15.792  16.485  26.927 
SI I  10.516  7.100  6.686  -6.581  -10.702  -6.284  17.097  17.802  12.971 
S12  23.307  5.489  11.848  -3.587  -6.676  -9.113  26.893  12.166  20.961  
S13  6.309  4.815  2.520  -12.600  -7.025  -4.033  18.909  11.841  6.553  
Mean  14.162  9.486  9.431  -9.193  -8.325  -6.854  23.355  17.810  16.285  
SD  6.938  5.617  6.647_  4.585  5.858  4.115_  7.039  3.572  7.102  318 
Table M.45. Maximum, minimum, and range of absolute values for angular 
displacement variables-hip segment vs. inter knee segment angle projected onto 
transverse plane. 
Maximum  Minimum_  Range 
1W  31  81 1W  31  8  1W 31  81 
SOI.  11.516  15.263  12.987  -19.811  -13.578  -10.058  31.327  28.842  23.045 
SO2  26.400  22.198  18.155  -18.162  -9.319  -8.841  44.562  31.517  26.997 
S03  27.983  34.723  15.671  -19.219  -22.549  -0.857  47.202  57.272  16.528 
SO4  18.673  21.756  21.008  -21.752  -2.713  0.272  40.425  24.469  20.736 
SO5  28.376  25.475  23.099  -19.447  -14.504  -3.580  47.823  39.979  26.679 
S06  16.749  14.682  14.674  -18.235  -7.666  -9.855  34.984  22.348  24.529 
SO7  20.415  15.425  22.150  -13.104  -14.048  -2.649  33.518  29.473  24.799 
S08  14.803  18.630  11.552  -17.179  -29.485  -12.613  31.982  48.116  24.165 
S09  19.521  16.379  19.100  -13.658  -6.371,  -4.827  33.179  22.750  23.927 
SIO  14.651  14.615  13.882  -9.152  -6.211  -4.392  23.804  20.825  18.274 
SlI  17.372  14.064  13.912  -10.581  -12.188  -13.280  27.952  26.253  27.192 
S12  11.814  14.553  16.240  -10.648  -9.998  -5.942  22.462  24.552  22.182 
S13  24.906  19.123  20.203.  -14.402  -12.439  -16.670  39.308  31.563  36.873 
Mean  19.475  18.991  17.126  -15.796  -12.390  -7.176  35.272  31.381  24.302 
SD  5.842  5.935  3.746  4.100  7.128  5.155  8.227  10.888  4.961 
Table M.46. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment vs. right upper arm segment angle projected 
onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  43.927  41.164  30.031  -16.444  -0.790  2.864  60.371  41.954  27.167 
SO2  25.621  17.634  33.128  -36.332  -41.588  -39.593  61.953  59.221  72.721 
S03  43.594  26.091  29.788  -26.266  -9.147  -17.001  69.859  35.237  46.789 
SO4  37.260  33.598  39.816  -14.504  -23.389  -16.663  51.763  56.987  56.479 
SO5  58.338  45.806  33.801  -33.232  -17.232  -43.309  91.570  63.039  77.110 
SO6  61.624  55.732  43.462  -14.730  -7.348  1.836  76.354  63.080  41.626 
S07  79.598  70.574  52.497  -24.140  -22.678  -13.452  103.738  93.251  65.949 
SOS  58.038  58.594  62.026  -24.412  -49.243  -21.446  82.450  107.837  83.472 
S09  45.870  35.829  24.966  -15.960  -16.156  -10.346  61.830  51.985  35.312 
S10  47.660  52.563  45.556  -7.835  -8.873  -12.161  55.496  61.435  57.717 
S11  77.472  61.426  50.969  -26.580  -24.691  -13.844  104.053  86.117  64.812 
S12  62.729  52.093  44.423  -4.306  -10.185  9.869  67.035  62.278  34.553 
S13  53.664  35.839  29.013  -19.446  -18.836  -20.316  73.110  54.675  49.329 
Mean  53.492  45.149  39.960  -20.322  -19.243  -14.889  73.814  64.392  54.849 
SD  15.204_  15.141  11.031  9.315_  13.679  15.103  17.212  20.192  17.554 319 
Table M.47. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment vs. golf club segment angle projected onto 
frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
S01  174.210  167.902  161.876  -1.357,  0.243  10.362  175.567  167.659  151.515 
SO2  221.093  201.133  186.354  7.186  14.892  19.573  213.908  186.241  166.781 
S03  223.827  200.951  185.211  12.392  7.449  15.792  211.435  193.502  169.419 
SO4  196.236  178.715  174.254  14.319  13.255  16.233  181.918  165.460  158.021 
SO5  194.576  185.254  170.301  14.102  19.083  15.537  180.474  166.171  154.764 
SO6  176.077  178.415  174.035  -3.703  0.878  12.396  179.779  177.537  161.639 
S07  187.515  168.046  150.696  13.627  18.124  14.058  173.888  149.922  136.638 
S08  179.505  154.328  135.725  20.047  26.158  21.904  159.458  128.170  113.822 
S09  194.336  175.451  165.540  -0.944  3.770  8.316  195.281  171.681  157.224 
S10  210.189  192.285  182.986  19.181  21.867  22.960  191.008  170.418  160.026 
S11  167.212  151.159  159.794  11.525  20.601  18.752  155.686  130.558  141.042 
S12  197.631  190.207  181.775  20.127  19.858  14.669  177.504  170.349  167.106 
S13  227.154  223.313  203.585  14.287  14.738  14.953  212.867  208.575  188.632 
Mean  196.120  182.089  171.703  10.830  13.917  15.808  185.290  168.172  155.895 
SD  19.638  19.984  17.484  8.157  8.373  4.222  18.906  22.491  18.113 
Table M.48. Maximum, minimum, and range of absolute values for angular 
displacement variables-shoulder segment vs. golf club segment angle projected onto 
transverse plane. 
Maximum  Minimum  Range 
1W  31  81 1W 31  81 1W  31  81 
SO1  173.445  178.658  179.175  -14.825  -17.421  -10.697  188.270  196.079  189.873 
S02  199.478  215.387  192.456  -12.537  2.103  -5.341  212.015  213.284  197.797 
S03  192.105  189.300  180.097  -5.188  -0.191  0.412  197.293  189.491  179.684 
SO4  193.031  183.749  172.159  2.478  3.043  7.327  190.553  180.706  164.832 
SO5  201.621  198.109  186.397  -11.850  -4.129  -0.200  213.471  202.238  186.597 
S06  188.896  181.681  188.083  -16.929  -4.251  3.073  205.824  185.932  185.010 
S07  181.934  176.334  163.230  0.447  9.189  6.310  181.487  167.145  156.920 
SOS  167.347  150.705  146.279  4.164  11.775  18.687  163.184  138.929  127.592 
S09  179.900  183.423  180.608  -3.074  1.627  -1.773  182.974  181.796  182.381 
S10  170.266  174.436  159.668  8.273  11.662  10.110  161.993  162.774  149.559 
Si!  154.910  150.977  152.098  -2.376  1.436  7.476  157.287  149.540  144.622 
S12  176.647  176.331  -2.605  11.902  1.936  186.849  164.744  174.395 .-184.245 
S13  205.548  196.977  183.474  -2.873  1.136  6.522  208.421  195.841  176.952  
Mean  184.056  181.260  173.850  -4.377  2.145  3.372  188.432  179.115  170.478  
SD  14.805_  17.609_  14.341  7.660  8.161  7.388  19.051  21.486  20.490  320 
Table M.49. Maximum, minimum, and range of absolute values for angular 
displacement variables-left forearm segment vs. golf club segment projected onto 
frontal plane. 
Maximum  Minimum  Range 
1W  31  81  1W  31  81  1W  31  81 
SOI  101.772  102.615  101.377  -17.051  -18.319  -14.463  118.822  120.934  115.840 
SO2  122.715  115.329  115.467  -12.476  -6.685  -1.029  135.190  122.014  116.496 
S03  143.958  124.970  112.998  -8.226  -7.669  -4.089  152.185  132.639  117.087 
SO4  119.339  114.646  113.104  -11.203  -13.495  -8.381  130.542  128.141  121.485 
505  115.474  104.866  102.762  -3.980  2.465  1.950  119.453  102.401  100.812 
S06  112.333  112.203  105.877  -20.705  -20.257  -11.617  133.038  132.461  117.494 
S07  126.583  116.529  110.176  -3.544  -10.927  -14.492  130.127  127.457  124.668 
508  123.459  111.947  99.978  2.005  6.531  5.869  121.454  105.416  94.109 
S09  122.440  114.357  104.429  -11.418  -13.228  -8.826  133.858  127.585  113.255 
SIO  127.839  117.070  115.531  -2.505  -20.567  -13.070  130.344  137.637  128.600 
Si!  112.557  101.594  104.650  -13.534  -8.894  -17.198  126.091  110.487  121.849 
S12  125.192  118.445  116.575  -0.321  -27.024  -31.365  125.513  145.469  147.940 
S13  125.664  131.036  113.919  -8.458  -23.546  -5.023  134.122  154.583  118.942 
Mean  121.486  114.278  108.988  -8.570  -12.432  -9.364  130.057  126.709  118.352 
SD  10.007  8.276  5.974  6.691  9.799  9.548  8.685  14.952  12.833 321 
Appendix N. Maximum, Minimum, and Range of Absolute Values 
for Angular Velocity Variables Across Subjects 322 
Table N.1. Maximum, minimum, and range of absolute values for angular velocity 
variables-right ankle relative angle. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  46.88  35.28  26.29  -121.94  -91.06  -83.34  168.82  126.34  109.64 
S02  22.55  166.08  69.80  -32.83  -37.84  -42.63  55.38  203.92  112.43 
S03  62.00  48.10  35.10  -61.16  -37.82  -74.09  123.16  85.92  109.19 
SO4  24.64  41.85  65.02  -41.01  -50.30  -74.48  65.65  92.15  139.51 
S05  24.44  81.90  22.81  -38.55  -42.97  -107.48  62.99  124.87  130.29 
S06  74.78  8.76  18.03  -108.35  -102.11  -69.94  183.13  110.88  87.97 
507  119.58  71.36  10.26  -88.79  -68.75  -71.55  208.37  140.11  81.81 
508  24.90  54.28  29.32  -91.80  -62.67  -48.73  116.71  116.95  78.04 
S09  34.21  21.23  28.97  -94.27  -103.80  -82.30  128.48  125.02  111.28 
SIO  107.90  68.04  91.02  -120.31  -91.82  -178.69  228.21  159.86  269.71 
Si!  31.01  73.98  61.08  -29.83  -45.60  -82.64  60.84  119.57  143.71 
S12  102.01  29.34  21.53  -91.09  -129.02  -84.92  193.09  158.35  106.45 
S13  19.15  70.08  12.11  -64.76  -71.59  -31.19  83.91  141.67  43.29 
Mean  53.39  59.25  37.79  -75.75  -71.95  -79.38  129.13  131.20  117.18 
SD  36.24  39.16  25.38  32.99  29.39  35.98  61.52  30.91  53.25 
Table N.2. Maximum, minimum, and range of absolute values for angular velocity 
variables-right knee relative angle. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  113.51  158.53  42.54  -228.39  -188.51  -103.77  341.90  347.04  146.31 
S02  88.65  166.09  51.24  -84.13  -86.98  -82.96  172.78  253.07  134.20 
S03  198.55  226.90  77.09  -70.21  -65.78  -86.21  268.75  292.68  163.30 
SO4  233.83  121.42  105.96  -71.14  -188.23  -94.74  304.97  309.65  200.70 
S05  44.73  216.66  154.46  -13.51  -84.22  -90.86  58.24  300.88  245.31 
S06  357.52  110.16  69.79  -150.79  -143.87  -132.33  508.31  254.02  202.12 
S07  151.26  77.83  62.38  -215.87  -180.61  -155.89  367.13  258.44  218.28 
SO8  186.25  232.14  83.22  -301.31  -138.41  -117.02  487.57  370.55  200.24 
509  95.71  125.45  75.53  -179.88  -173.04  -160.16  275.59  298.49  235.69 
SIO  184.32  158.69  134.62  -291.45  -182.92  -349.71  475.77  341.61  484.33 
511  101.64  116.25  66.28  -61.92  -66.35  -39.08  163.56  182.60  105.36 
S12  113.90  91.86  24.53  -225.72  -188.82  -177.87  339.61  280.68  202.39 
S13  152.29  164.34  149.24,  -155.79  -106.48  -40.21  308.08  270.83  189.45 
Mean  155.55  151.25  84.37  -157.70  -138.02  -125.45  313.25  289.27  209.82 
SD  80.27  50.36  40.51  92.46_  49.66  79.57  132.27  48.84  91.69 323 
Table N.3. Maximum, minimum, and range of absolute values for angular velocity 
variables-right hip relative angle. 
Maximum  Minimum  Range 
1W  31  81 IW  31  81 1W  31  81 
SO1  269.46  81.44  64.83  -237.19  -186.71  -254.51  506.65  268.15  319.35 
SO2  53.32  168.30  167.00  -191.79  -81.52  -82.76  245.10  249.82  249.76 
S03  78.46  249.17  46.07  -125.77  -111.47  -42.39  204.23  360.64  88.46 
SO4  98.56  535.12  196.07  -163.63  -235.14  -123.95  262.19  770.26  320.03 
S05  81.27  130.32  376.87  -169.20  -168.03  -109.73  250.47  298.35  486.59 
S06  187.41  100.06  169.45  -127.31  -138.74  -222.53  314.72  238.80  391.98 
S07  151.39  70.96  106.19  -95.04  -106.19  -134.19  246.43  177.15  240.38 
S08  184.03  172.68  44.54  -240.57  -88.68  -110.49  424.60  261.36  155.03 
S09  79.92  224.07  111.76  - 224.56  -286.17  -84.40  304.49  510.24  196.16 
SIO  146.25  294.22  127.77  -336.20  -326.00  -349.66  482.45  620.22  477.43 
S11  218.69  108.32  161.51  -340.60  -292.53  -256.73  559.29  400.85  418.24 
S12  70.40  100.54  202.69  -190.96  -399.62  -124.71  261.36  500.16  327.40 
S13  103.86  63.16  74.06  -193.83  -208.05  -156.31  297.69  271.20  230.37 
Mean  132.54  176.80  142.22  -202.82  -202.22  -157.87  335.36  379.02  300.09 
SD  66.34_  129.58  89.07  74.23  100.40  87.48  116.61  174.48  121.70 
Table N.4. Maximum, minimum, and range of absolute values for angular velocity 
variables-right shoulder relative angle #1. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 IW  31  81 
SO1  783.61  447.74  391.33  -570.89  -522.53  -515.50  1354.50  970.27  906.83 
SO2  265.27  425.94  296.69  -605.68  -589.76  -748.35  870.95  1015.70  1045.05 
S03  244.50  204.60  272.92  -485.65  -447.76  -471.01  730.16  652.36  743.93 
SO4  623.08  575.62  510.00  -318.22  -260.62  -298.34  941.30  836.23  808.35 
505  467.73  212.27  235.46  -497.24  -490.21  -490.29  964.97  702.48  725.76 
S06  395.69  351.79  268.21  -488.19  -429.32  -491.67  883.88  781.11  759.88 
S07  196.38  149.30  142.28  -465.27  -341.38  -282.58  661.65  490.68  424.86 
S08  531.03  168.83  299.52  -557.35  -405.25  -504.03  1088.38  574.08  803.56 
S09  459.07  533.21  402.51  -375.25  -399.55  -388.25  834.33  932.76  790.76 
SIO  722.31  478.80  618.69  -506.43  -499.23  -444.93  1228.74  978.03  1063.62 
S11  590.69  864.19  538.06  -376.13  -609.13  -840.86  966.81  1473.32  1378.91 
S12  539.07  429.36  323.35  -619.29  -530.00  -522.01  1158.36  959.36  845.36 
S13  521.29  467.91  521.25  -797.97  -917.51  -583.11  1319.26  1385.42  1104.37 
Mean  487.67  408.43  370.79  -512.58  -495.56  -506.23  1000.25  903.98  877.02 
SD  178.04  197.86  140.34  124.50_  159.37  155.31  216.69  286.57  231.81 324 
Table N.5. Maximum, minimum, and range of absolute values for angular velocity 
variables-right shoulder relative angle #2. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  187.31  77.02  86.27  -57.35  -144.13  -179.39  244.66  221.15  265.66 
SO2  126.10  200.67  351.88  -307.52  -360.40  -324.24  433.63  561.07  676.11 
S03  294.64  101.04  132.10  -229.00  -203.59  -302.93  523.65  304.62  435.03 
SO4  107.48  224.95  217.44  -316.35  -312.42  -326.36  423.84  537.37  543.81 
S05  319.47  118.73  456.32  -466.82  -166.02  -226.52  786.29  284.75  682.84 
S06  150.34  109.23  207.39  -141.46  -152.52  -254.34  291.80  261.75  461.73 
S07  75.83  168.69  154.96  -218.79  -155.89  -144.25  294.62  324.58  299.20 
S08  265.42  803.62  295.31  -98.98  -339.20  -314.27  364.40  1142.82  609.58 
S09  167.81  182.57  144.00  -231.89  -261.45  -241.39  399.70  444.02  385.39  
S10  196.33  343.75  441.63  -414.46  -283.31  -469.16  610.79  627.06  910.79  
SI1  308.05  407.03  259.94  -312.13  -447.52  -354.18  620.17  854.55  614.12  
S12  101.62  137.32  123.79  -177.90  -281.24  -415.86  279.52  418.56  539.65  
S13  312.37  266.92  234.11  -283.55  -374.60  -254.36  595.92  641.53  488.47  
Mean  200.98  241.66  238.86  -250.48  -267.87  -292.86  451.46  509.53  531.72  
SD  88.79  194.81  119.11  117.40  98.07  90.19  164.77  264.36  173.88  
Table N.6. Maximum, minimum, and range of absolute values for angular velocity 
variables-right elbow relative angle. 
Maximum  Minimum  Range 
W  31  111 1W  31  81  1W  31  81 
SO1  1066.74  1035.57  1004.29  -312.88  -281.68  -275.38  1379.61  1317.25  1279.67 
SO2  882.51  1258.60  1062.63  -197.26  -191.32  -226.09  1079.78  1449.92  1288.72 
S03  780.30  1099.25  937.75  -238.02  -263.52  -238.83  1018.32  1362.77  1176.59 
SO4  1274.16  1200.32  1026.25  -381.81  -250.48  -294.93  1655.98  1450.80  1321.18 
SOS  934.16  947.15  817.31  -243.81  -316.54  -282.74  1177.97  1263.68  1100.05 
S06  1042.87  1336.72  1565.24  -343.97  -351.55  -355.77  1386.84  1688.27  1921.00 
S07  860.98  509.73  766.44  -276.02  -260.20  -326.87  1137.00  769.94  1093.32 
S08  730.99  546.02  716.53  -280.44  -259.73  -277.61  1011.43  805.75  994.14 
S09  1114.72  1080.30  1146.48  -273.92  -252.91  -318.26  1388.64  1333.20  1464.74 
SIO  1320.12  1074.72  1544.52  -237.41  -237.72  -211.44  1557.53  1312.45  1755.96 
S11  1803.94  2271.01  1636.01  -1133.05  -321.50  -296.21  2936.99  2592.51  1932.22 
S12  2181.78  1502.15  1113.45  -2151.96  -213.42  -286.56  4333.74  1715.57  1400.02 
S13  1082.80  2059.89  1129.09,  -432.14  -270.68  -475.34  1514.94  2330.57  1604.43 
Mean  1159.70  1224.73  1112.77  -500.21  -267.02  -297.39  1659.91  1491.74  1410.16 
SD  415.68  502.27  300.41  551.66  43.63  66.77  944.85  512.79  310.62 325 
Table N.7. Maximum, minimum, and range of absolute values for angular velocity 
variables-right wrist relative angle. 
Maximum  Minimum  Range 
1W  31  81 IW  31  81 1W  31  81 
SOI  750.25  960.48  861.73  -363.39  -194.10  -197.33  1113.64  1154.57  1059.06 
SO2  858.51  1040.96  828.52  -326.66  -224.04  -250.73  1185.17  1265.00  1079.25 
S03  1362.08  1281.57  1212.26  -376.77  -407.46  -236.94  1738.84  1689.02  1449.20  
SO4  873.89  1277.90  1044.57  -283.06  -233.44  -262.63  1156.95  1511.34  1307.21  
SO5  1226.12  1004.95  798.50  -288.89  -277.97  -807.45  1515.02  1282.92  1605.95  
S06  850.01  1020.67  1055.46  -216.15  -230.88  -251.08,  1066.16  1251.55  1306.55  
S07  906.06  1142.63  1026.32  -196.68  -219.84  -216.67  1102.74  1362.47  1242.99  
S08  1313.14  1182.45  973.55  -216.60  -172.98  -135.40  1529.74  1355.43  1108.95  
S09  1089.76  1143.56  1100.06  -253.58  -254.62  -322.76  1343.34  1398.18  1422.82  
S I 0  1419.60  1106.72  1494.05  -284.18  -425.20  -344.65  1703.78  1531.92  1838.70  
S 1I  1257.19  1108.10  1261.29  -959.49  -487.67  -1063.04  2216.69  1595.78  2324.33  
S12  1859.45  1474.51  1440.90  -980.10  -476.58  -1185.79  2839.55  1951.09  2626.69  
S13  1366.55  1594.69  824.58  -378.81  -644.67  -475.75  1745.36  2239.36  1300.33  
Mean  1164.05  1179.94  1070.91  -394.18  -326.88  -442.33  1558.23  1506.82  1513.23  
SD  314.02  186.06  227.82  262.44  145.58  347.52_  513.20  306.75  481.84  
Table N.8. Maximum, minimum, and range of absolute values for angular velocity 
variables-left ankle relative angle. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81  1W 31  81 
SO1  145.15  162.04  199.72  -29.51  -44.39  -38.49  174.66  206.43  238.21 
SO2  202.67  214.26  152.90  -19.35  -19.93  -22.55  222.01  234.20  175.45 
S03  164.79  156.30  146.98  -32.17  -31.21  -31.29  196.97  187.51  178.27 
SO4  271.90  306.23  282.31  -30.16  -20.55  -15.85  302.06  326.78  298.15 
SO5  228.72  222.93  229.56  -21.24  -27.39  -18.16  249.96  250.32  247.73 
S06  285.49  253.55  190.55  -36.10  -25.87  -31.51  321.60  279.42  222.06 
S07  235.26  170.13  226.22  -24.33  -27.28  -30.83  259.59  197.41  257.06 
S08  200.07  203.04  233.83  -37.95  -36.19  -36.89  238.02  239.22  270.72 
S09  201.53  245.79  235.01  -24.02  -28.89  -30.94  225.55  274.68  265.95 
S I 0  270.39  253.96  263.58  -34.02  -45.36  -27.35  304.41  299.33  290.93 
SII  245.57  203.92  241.27  -44.43  -37.49  -35.29  289.99  241.41  276.57 
S12  266.58  231.06  180.37  -31.20  -25.83  -43.95  297.78  256.89  224.31 
S13  183.07  238.03  260.19  -13.40  -21.02  -25.14  196.48  259.06  285.32 
Mean  223.17  220.10  218.65  -29.07  -30.11  -29.86  252.24  250.20  248.52 
SD  44.33  42.15  41.89  8.43  8.46  8.03  47.94  39.73  39.73 326 
Table N.9. Maximum, minimum, and range of absolute values for angular velocity 
variables-left knee relative angle. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  165.49  194.35  334.31  -65.18  -82.34  -61.60  230.67  276.68  395.92 
SO2  156.15  228.87  273.96  -37.26  -56.49  -50.10  193.41  285.36  324.06 
S03  197.51  241.70  254.51  -70.39  -71.83  -62.65  267.90  313.53  317.16 
SO4  352.21  352.33  365.25  -140.77  -406.66  -64.50  492.98  758.99  429.75 
SO5  251.81  292.64  233.88  -56.58  -79.82  -51.33  308.39  372.46  285.20 
S06  324.60  408.13  164.47  -70.88  -64.51  -166.06  395.48  472.64  330.53 
S07  295.49  189.91  205.94  -74.12  -67.09  -57.12  369.62  257.00  263.06 
S08  266.08  237.92  338.08  -62.45  -230.93  -139.36  328.54  468.85  477.43 
SO9  192.22  266.93  241.75  -59.34  -71.74  -55.05  251.55  338.67  296.80 
SlO  385.16  313.11  202.56  -75.96  -86.52  -56.83  461.13  399.63  259.39 
S11  267.37  164.56  188.86  -60.05  -79.20  -50.47  327.42  243.76  239.34 
S12  258.95  221.21  161.91  -64.69  -75.15  -75.08  323.64  296.36  236.99 
S13  258.89  193.15  140.85  -61.50  -40.88  -63.22  320.40  234.03  204.07 
Mean  259.38  254.22  238.95  -69.17  -108.70  -73.34  328.55  362.92  312.29 
SD  69.51  70.75  72.11  23.63  100.61  36.30  85.99  142.74  80.34 
Table N.10. Maximum, minimum, and range of absolute values for angular velocity 
variables-left hip relative angle. 
Maximum  Minimum  Range - 1W  31  81 1W  31  81 1W,  31  81 
SO1  215.40  221.70  345.85  -69.68  -120.55  -54.08  285.07  342.25  399.93 
SO2  178.87  224.60  172.81  -188.50  -117.35  -93.56  367.37  341.95  266.37 
503  269.66  125.87  266.85  -99.65  -81.93  -93.53  369.31  207.79  360.38 
SO4  340.10  416.86  180.28  -88.69  -49.06  -47.31  428.79  465.93  227.58 
SOS  207.74  108.03  105.78  -183.11  -120.17  -129.05  390.85  228.20  234.83 
SO6  169.13  233.74  357.80  -62.25  -71.65  -69.37  231.38  305.39  427.18 
S07  267.99  117.92  457.90  -116.15  -116.88  -65.33  384.14  234.80  523.23 
SOB  239.53  153.94  139.95  -122.65  -187.15  -54.18  362.18  341.08  194.13 
509  231.08  246.53  296.01  -91.26  -57.73  -132.25  322.33  304.27  428.26 
S10  231.27  289.71  292.52  -157.76  -106.11  -140.15  389.03  395.82  432.67 
SI 1  269.05  242.70  261.57  -96.42  -115.14  -69.54  365.47  357.84  331.11 
S12  120.30  249.37  278.23  -117.64  -89.21  -52.80  237.94  338.58  331.04 
S13  235.80  218.51  193.88  -92.15  -69.10  -168.10  327.95  287.62  361.98 
Mean  228.92  219.19  257.65  -114.30  -100.16  -89.94  343.22  319.35  347.59 
SD  54.65  82.71  98.02  39.92  36.35  39.98  59.95  70.72  96.54 327 
Table N.11. Maximum, minimum, and range of absolute values for angular velocity 
variables-left shoulder relative angle #1. 
Maximum  Minimum  Range 
1W  31  81 1W 31  81 1W 31  81 
SO1  263.88  259.55  263.15  -536.86  -973.54  -866.57  800.74  1233.09  1129.72 
SO2  171.42  176.37  208.52  -452.44  -539.37  -636.91  623.86  715.74  845.43 
S03  248.78  243.50  245.27  -555.37  -561.68  -649.60  804.15  805.18  894.86 
SO4  256.37  294.42  268.85  -459.85  -520.02  -560.12  716.22  814.43  828.96 
S05  276.28  320.59  299.20  -608.51  -574.19  -611.96  884.79  894.78  911.16 
S06  228.85  269.64  240.25  -468.86  -612.08  -617.48  697.71  881.72  857.73 
S07  237.89  230.38  245.67  -552.40  -675.60  -654.86  790.29  905.99  900.53 
S08  260.39  217.80  225.09  -631.28  -788.00  -829.18  891.67  1005.79  1054.27 
S09  196.26  192.10  197.46  -338.19  -678.35  -599.83  534.44  870.45  797.29 
S I 0  157.15  175.37  222.00  -539.82  -853.99  -867.86  696.97  1029.37  1089.86 
S11  198.76  182.59  187.95  -581.80  -595.14  -908.05  780.56  777.73  1096.00 
S12  219.00  225.77  212.51  -569.37  -782.92  -581.52  788.37  1008.69  794.04 
S13  163.91  171.61  205.66  -665.73  -726.13  -576.65  829.64  897.74  782.31 
Mean  221.46  227.67  232.43  -535.42  -683.16  -689.28  756.88  910.82  921.70 
SD  40.54  48.33  31.86  87.30  136.35  127.92  101.06  134.06  126.00 
Table N.12. Maximum, minimum, and range of absolute values for angular velocity 
variables-left shoulder relative angle #2. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81  1W  31  81 
SO1  198.07  524.42  601.05  -132.28  -185.22  -176.20  330.35  709.64  777.24 
SO2  436.77  216.64  348.12  -132.13  -255.47  -424.75  568.90  472.11  772.86 
S03  169.69  232.95  183.48  -318.05  -98.32  -90.49  487.74  331.27  273.97 
SO4  137.41  174.64  99.62  -156.86  -147.77  -108.25  294.27  322.41  207.87 
S05  631.73  431.76  185.13  -480.23  -175.19  -296.22  1111.96  606.95  481.36 
SO6  195.67  153.75  182.67  -344.00  -150.25  -110.61  539.67  304.00  293.28 
S07  144.96  231.62,  250.00  -176.10  -135.56  -156.98  321.06  367.18  406.98 
SOS  181.47  325.99  300.24  -394.54  -389.74  -255.29  576.00  715.74  555.53 
SO9  274.53  372.26  234.54  -107.49  -117.86  -128.73  382.02  490.12  363.27 
SIO  306.07  660.07  353.93  -240.06  -188.56  -230.75  546.13  848.62  584.68 
S11  389.78  206.20  306.82  -197.11  -500.57  -125.35  586.89  706.77  432.17 
S12  198.52  235.42  328.81  -150.71  -144.40  -178.09  349.22  379.83  506.90 
S13  210.33  163.58  134.87  -212.22  -93.52  -114.15  422.55  257.10  249.02 
Mean  267.31  302.25  269.94  -233.98  -198.65  -184.30  501.29  500.90  454.24 
SD  142.81  154.92  129.01  115.62  119.46  95.69  212.56  195.06  184.58 328 
Table N.13. Maximum, minimum, and range of absolute values for angular velocity 
variables-left elbow relative angle. 
Maximum  Minimum  Range 
1W  31  81  1W  31  81  IW  31  81 
SO1  176.62  268.06  392.79  -181.61  -500.36.  -543.50  358.23  768.42  936.29 
SO2  477.14  274.45  337.56  -168.01  -144.45  -319.91  645.16  418.90  657.47 
S03  342.99  336.58  248.71_  -391.55  -137.34  -172.66  734.54  473.93  421.37 
SO4  297.21  434.24  265.93  -182.23  -140.44  -192.29  479.44  574.68  458.22 
SO5  330.71  231.18  191.12  -402.96  -114.62  -160.55  733.67  345.80  351.67 
S06  771.92  336.22  355.84  -285.18  -157.85  -225.07  1057.10  494.07  580.91 
SO7  265.24  496.26  222.18  -220.10  -217.35  -223.59  485.34  713.62  445.78 
S08  249.69  405.99  381.54  -388.34  -202.25  -300.57  638.03  608.24  682.11 
S09  322.18  154.96  238.90  -240.35  -250.77  -254.45  562.53  405.73  493.35 
SIO  230.24  448.76  674.03  -147.46  -503.95  -375.08  377.70  952.72  1049.11 
S11  331.17  637.01  312.98  -583.17  -588.09  -421.96  914.35  1225.10  734.94 
S12  819.19  335.62  395.27  -963.89  -242.08  -375.98  1783.08  577.70  771.25 
S13  738.64  372.32  570.75  -329.83  -183.13  -308.57  1068.48  555.45  879.32 
Mean  411.77  363.97  352.89  -344.98 -- -260.21  -298.01  756.74  624.18  650.91 
SD  220.18  124.79_  138.84  223.80  160.90  110.60  385.57  243.98  217.16 
Table N.14. Maximum, minimum, and range of absolute values for angular velocity 
variables-left wrist relative angle. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SO1  1198.48  1438.98  974.25  -224.17  -200.97  -205.72  1422.65  1639.95  1179.97 
SO2  1107.69  1072.32  986.88  -138.15  -168.51  -148.93  1245.84  1240.83  1135.82 
S03  1323.09  1244.48  1077.49  -283.42  -259.39  -226.43  1606.52  1503.87  1303.92 
SO4  1218.68  1144.48  1232.69  -675.59  -518.05  -696.55  1894.27  1662.52  1929.24 
SO5  1100.69  1363.03  1129.44  -528.86  -279.27  -298.38  1629.54  1642.30  1427.82 
S06  773.81  1289.85  978.09  -238.42  -504.31  -510.62  1012.24  1794.16  1488.71 
S07  750.30  1250.19  1078.11  -266.10  -708.08  -625.22  1016.40  1958.27  1703.33 
S08  1377.88  878.88  675.19  -163.92  -126.66  -121.71  1541.81  1005.54  796.91 
S09  1089.68  1290.99  991.40  -247.26  -772.41  -204.50  1336.94  2063.40  1195.89 
S 10  1435.52  1282.30  1537.35  -533.54  -905.29  -488.10  1969.06  2187.59  2025.44 
S I I  1104.59  833.24  938.14  -484.05  -242.98  -816.46  1588.63  1076.22  1754.60 
SI 2  2141.42  1545.26  1256.24  -821.83  -1154.72  -1146.89  2963.25  2699.98  2403.12 
S13  1016.71  1841.28  889.10  -470.40  -1067.55  -155.53  1487.11  2908.83  1044.62 
Mean  1202.96  1267.33  1057.26  -390.44  -531.40  -434.23  1593.40  1798.73  1491.49 
SD  347.12  264.55  207.72  211.21  357.24  315.09  500.83  570.74  452.24 329 
Table N.15. Maximum, minimum, and range of absolute values for angular velocity 
variables-left pendulum relative angle. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SO 1  264.34  421.61  277.34,  -436.32  -431.72  -351.29  700.66  853.33  628.63 
SO2  683.64  598.30  608.78  -525.65  -580.39  -426.79  1209.29  1178.70  1035.56 
S03  476.72  640.63  599.98  -683.34  -408.77  -423.39  1160.07  1049.39  1023.37 
SO4  451.27  418.76  492.21  -444.65  -445.60  -555.86  895.92  864.37  1048.07 
S05  518.02  347.81  373.11  -669.21  -619.44  -589.84  1187.23  967.25  962.95 
SO6  783.53  537.53  443.87  -508.91  -577.86  -512.70  1292.45  1115.39  956.56 
SO7  479.71  431.19  392.24  -588.68  -488.79  -408.87  1068.39  919.98  801.11 
S08  645.86  773.70  688.64  -553.38  -770.88  -684.64  1199.25  1544.58  1373.28 
S09  484.88  385.54  398.63  -401.41  -305.32  -234.07  886.30  690.85  632.71 
SlO  454.57  431.48  476.58  -496.12  -486.54  -569.76  950.69  918.02  1046.34 
S11  617.78  736.10  388.44  -371.83  -435.11  -545.27  989.61  1171.21  933.72 
S12  411.85  389.05  394.17  -656.09  -454.16  -314.99  1067.94  843.21  709.16 
S13  436.56  441.73  457.05  -831.30  -578.31  -436.39  1267.85  1020.04  893.44 
Mean  516.06  504.11  460.85  -551.30  -506.38  -465.68  1067.36  1010.49  926.53 
SD  135.15  140.07  113.40  131.30  117.70  125.06  175.04  213.46  202.36 
Table N.16. Maximum, minimum, and range of absolute values for angular velocity 
variables-right knee angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  325.32  188.58  266.41  -83.32  -95.38  -79.34  408.64  283.95  345.75 
SO2  154.86  283.66  283.93  -30.66  -38.83  -23.93  185.51  322.49  307.86 
SO3  181.96  305.62  236.82  -99.99  -134.16  -52.81  281.95  439.78  289.63 
SO4  187.69  479.98  378.79  -45.90  -31.28  -66.46  233.59  511.26  445.25 
SO5  148.60  230.95  253.40  -28.46  -64.99  -38.46  177.06  295.94  291.86 
SO6  163.53  101.18  227.46  -69.46  -50.62  -58.17  232.99  151.80  285.63 
S07  259.11  219.52  145.29  -54.65  -31.17  -40.84  313.76  250.68  186.12 
SOS  194.84  231.80  173.93  -50.90  -74.38  -44.21  245.74  306.18  218.14 
S09  184.06  220.88  154.26  -125.00  -81.11  -28.81  309.07  302.00  183.07 
S I 0  357.87  289.35  328.25  -45.60  -25.19  -44.33  403.47  314.54  372.58 
S I I  235.78  168.24  185.65  -134.10  -106.50  -33.10  369.89  274.75  218.75 
S12 ,'  251.25  309.30  251.65  -52.55  -83.58  -66.70  303.80  392.88  318.35 
S1  178.80  332.63  111.13  -75.75  -174.39  -20.06  254.55  507.02  131.19 
Mean  217.21  258.59  230.54  -68.95  -76.28  -45.94  286.15  334.87  276.48 
SD  65.45_  92.70  75.96  33.65  43.96  17.95  75.08  102.43  86.84 330 
Table N.17. Maximum, minimum, and range of absolute values for angular velocity 
variables-right knee angle projected onto sagittal plane. 
Maximum  Minimum  Range 
1W 31  81  1W  31  81 1W 31  81 
S01  225.23  188.22  99.34  -175.78  -231.49  -50.35  401.01  419.71  149.69 
SO2  87.59  82.71  82.03  -110.17  -408.09  -228.89  197.75  490.80  310.92 
S03  98.05  78.93  90.77  -222.34  -299.00  -133.68  320.39  377.93  224.44 
SO4  71.79  37.62  100.20  -262.48  -349.85  -247.12  334.26  387.47  347.32 
SO5  58.15  65.32  125.42  -93.18  -256.74  -300.64  151.33  322.06  426.06 
S06  185.52  151.75  137.58  -350.97  -114.20  -97.33  536.49  265.95  234.91 
S07  242.53  182.35  150.27  -299.03  -216.14  -131.81  541.55  398.49  282.08 
SO8  307.78  151.56  95.73  -286.78  -319.63  -147.03  594.55  471.20  242.76 
S09  151.76  217.87  156.67  -88.99  -121.20  -77.13  240.75  339.07  233.80 
S10  311.30  204.00  361.26  -280.71  -365.49  -178.23  592.01  569.49  539.49 
SI I  73.93  83.66  40.12  -202.52  -119.04  -74.22  276.45  202.71  114.35 
S12  237.44  190.32  142.35  -163.29  -94.79  -252.52  400.73  285.11  394.88 
S13  155.64  94.58  49.02  -168.66  -164.56  -168.01  324.31  259.14  217.03 
Mean  169.75  132.99  125.44  -208.07  -235.40  -160.54  377.81  368.39  285.98 
SD  89.41  61.07  79.60  84.13  107.19  77.94_  149.09  104.01  116.87 
Table N.18. Maximum, minimum, and range of absolute values for angular velocity 
variables-right elbow angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  316.30  274.56  243.34  -2112.54  -1596.11  -1288.46  2428.83  1870.67  1531.81 
SO2  251.05  390.00  393.10  -2988.43  -1770.80  -1850.75  3239.48  2160.79  2243.84 
SO3  420.46  336.44  297.91  -2254.77  -1808.91  -1771.62  2675.23  2145.35  2069.53 
SO4  367.12  401.58  375.14  -2552.52  -1980.76  -1664.81  2919.63  2382.33  2039.95 
SO5  277.66  351.54  332.71  -1793.26  -2269.01  -2371.01  2070.93  2620.55  2703.72 
S06  434.95  446.44  429.12  -3166.77  -2136.17  -1694.80  3601.72  2582.61  2123.92 
S07  341.26  330.39  362.08  -1761.74  -1500.83  -1321.87  2103.00  1831.22  1683.95 
S08  241.15  227.25  373.69  -2362.67  -2966.86  -1223.07  2603.83  3194.11  1596.76 
SO9  322.91  327.65  360.02  -2428.39  -2901.65  -1125.53  2751.30  3229.30  1485.55 
S I 0  253.59  233.79  260.85  -2596.83  -1997.48  -1428.92  2850.42  2231.27  1689.77 
S11  253.91  291.84  364.97  -2270.55  -1990.05  -980.03  2524.46  2281.89  1345.00 
S1  240.06  351.37  293.60  -2043.04  -1216.64  -808.43  2283.10  1568.00  1102.04 
5131  625.34  321.70  361.63  -4422.13  -2221.04  -2446.13  5047.47  2542.74  2807.76 
Mean  334.29  329.58  342.17  -2519.51  -2027.41  -1536.57  2853.80  2356.99  1878.74 
SD  109.74  63.02  53.72  702.68  499.44  495.43  786.39  487.97  509.55 331 
Table N.19. Maximum, minimum, and range of absolute values for angular velocity 
variables-right wrist angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31 8f 
SOI  884.67  671.05  298.06  -1653.08  -1441.48  -1411.92  2537.75  2112.53  1709.98 
SO2  2080.19  580.97  450.91  -1919.14  -1311.89  -990.59  3999.33  1892.86  1441.49 
SO3  911.74  601.51  700.27  -2340.34  -1799.06  -1561.19  3252.08  2400.57  2261.46 
SO4  1370.62  625.72  346.03  -1733.44  -1579.23  -1819.42  3104.06  2204.95  2165.45 
SO5  723.90  980.48  1134.20_- 1321.58  -1180.18  -1466.01  2045.49  2160.66  2600.21 
S06  2027.00  751.56  226.09  -1919.31  -1379.26  -1104.53  3946.31  2130.82  1330.62 
S07  438.72  361.02  296.68  -1456.96  -1270.93  -1291.01  1895.68  1631.95  1587.69 
SO8  1081.29  1591.74  284.90  -1582.51  -1505.42  -1434.90  2663.80  3097.16  1719.79 
SO9  1279.34  1652.58  211.09  -1775.56  -1704.44  -1343.33  3054.90  3357.02  1554.42 
SlO  1413.25  685.32  239.72  -2040.82  -1686.79  -1726.57  3454.08  2372.11  1966.29 
S I I  617.57  376.80  234.20  -1511.92  -1525.44  -734.75  2129.49  1902.24  968.95 
S12  346.66  329.75  317.72  -1502.71  -1224.91  -1286.78  1849.36  1554.66  1604.50 
S13  3089.84  495.26  1116.85  -2057.127 -1641.92  -1868.26  5146.96  2137.18  2985.11 
Mean  1251.14  746.44  450.52  -1754.96  -1480.84  -1387.64  3006.10  2227.28  1838.15 
SD  771.76  426.68  326.04  290.11  198.38  323.64  971.50  511.85  547.55 
Table N.20. Maximum, minimum, and range of absolute values for angular velocity 
variables-left knee angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 IW  31  81 1W  31  81 
SO1  259.03  285.20  213.74  -58.38  -86.61  -85.72  317.41  371.81  299.46 
SO2  256.58  139.06  167.55  -197.63  -134.33  -102.81  454.21  273.38  270.36 
S03  188.64  191.10  131.86  -74.96  -155.37  -133.29  263.61  346.47  265.15 
SO4  238.85  147.96  205.80  -111.87  -83.25  -138.55  350.72  231.21  344.35 
SO5 ,:,,  151.72  135.11  150.06  -123.72  -130.14  -113.03  275.44  265.25  263.09 
S015...  276.66  104.47  130.08  -36.73  -122.00  -14.61  313.40  226.47  144.69 
S07 N  209.57  129.05  185.60  -62.47  -128.39  -79.59  272.04  257.43  265.20 
SO8  273.26  172.29  223.49  -89.07  -129.59  -123.75  362.32  301.88  347.24 
S09  188.81  149.04  151.06  -78.77  -52.67  -44.45  267.58  201.71  195.50 
S 10  218.11  155.26  205.41  -291.28  -97.16  -54.73  509.39  252.43  260.15 
S I I  249.12  369.75  263.03  -203.18  -115.79  -58.59  452.30  485.54  321.61 
S12  362.91  201.53  173.99  -84.02  -76.51  -122.37  446.93  278.03  296.36 
S13  211.15  167.25  227.59  -121.04  -62.49  -79.97  332.19  229.74  307.56 
Mean  237.26  180.54  186.87  -117.93  -105.71  -88.57  355.19  286.26  275.44 
SD  52.81  72.15  40.47  72.07  31.37  37.97  83.93  76.65  56.41 332 
Table N.21. Maximum, minimum, and range of absolute values for angular velocity 
variables-left knee angle projected onto sagittal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W  31  81 
SOI  54.70  60.71  53.79  -202.89  -238.73  -435.17  257.59  299.43  488.96 
SO2  139.52  54.04  49.54  -366.20  -248.10  -266.84  505.72  302.15  316.38 
SO3  65.29  100.05  55.83  -240.11  -257.76  -262.05  305.40  357.81  317.88 
SO4  123.31  72.06  59.53  -355.67  -559.78  -382.53  478.97  631.84  442.06 
S05  57.63  76.37  52.45  -375.65  -329.95  -288.05  433.28  406.32  340.50 
S06  70.35  64.78  63.40  410.72  -442.98  -431.62  481.07  507.76  495.02 
S07  82.26  70.61  77.06  -404.32  -328.28  -357.29  486.58  398.89  434.35 
SO8  62.56  238.65  189.47  -256.30  -246.91  -391.00  318.87  485.56  580.47 
SO9  57.76  69.99  57.58  -316.04  -328.47  -374.37  373.80  398.46  431.95 
S10  67.25  83.38  57.49  -401.29  -416.16  -381.88  468.53  499.54  439.37 
S11  63.19  66.59  50.57  -352.29  -372.30  -321.65  415.47  438.89  372.22 
S12  48.53  57.24  79.30  -342.09  -345.46  -248.08  390.62  402.70  327.38 
S13  28.87  42.21  50.52  -259.03  -259.08  -271.56  287.90  301.28  322.08 
Mean  70.86  81.28  68.96.  -329.43  -336.46  -339.39  400.29  417.74  408.36 
SD  29.77  49.35  37.42  68.75  94.28  66.26  84.99  96.30  83.42 
Table N.22. Maximum, minimum, and range of absolute values for angular velocity 
variables-left elbow angle projected onto frontal plane. 
Maximum  Minimum  Range 
IW  31  81 1W  31  81 1W 31  81 
SO1  196.97  435.36  504.53  -245.48  -347.29  -408.27  442.44  782.65  912.80 
SO2  143.15  143.23  401.11  -738.84  -273.65  -395.87  881.99  416.88  796.98 
S03  218.96  117.22  139.66  -406.82  -389.93  -284.37  625.78  507.16  424.03 
SO4  157.14  145.82  167.79  -311.90  -475.82  -316.25  469.03  621.65  484.05 
S05  301.66  182.83  203.22  -448.40  -361.89  -270.69  750.06  544.72  473.91 
S06  374.13  191.11  154.40  -644.84  -391.99  -455.50  1018.97  583.09  609.90 
S07  235.99  227.90  167.06  -332.89  -478.25  -128.68  568.88  706.15  295.74 
SOS  145.63  148.38  176.65  -370.45  -404.30  -315.91  516.08  552.68  492.56 
SO9  179.95  237.45  187.74  -300.06  -205.73  -328.00  480.01  443.18  515.75 
S10  187.81  360.21  423.95  -460.01  -417.87  -662.82  647.82  778.08  1086.77 
S11  214.34  407.07  409.54  -547.87  -598.06  -329.01  762.21  1005.13  738.55 
S12  208.61  312.64  341.37  -1008.84  -494.24  -463.53  1217.45  806.88  804.90 
S13  286.09  186.60  170.43  -544.95  -431.69  -462.00  831.03  618.29  632.43 
Mean  219.26  238.14  265.19  -489.33  -405.44  -370.84  708.60  643.58  636.03 
SD  66.94  106.51  129.55  211.66  99.60  128.15  233.19  166.26  221.84 333 
Table N.23. Maximum, minimum, and range of absolute values for angular velocity 
variables-left wrist angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W 31  81 
SO1  287.38  285.44  231.95  -1500.15  -1386.56  -1213.19  1787.53  1671.99  1445.14 
SO2  261.51  225.70  205.60  -1398.99  -1549.13  -1331.80  1660.50  1774.83  1537.40 
SO3  445.29  343.25  266.65  -2185.13  -1808.40  -1481.46  2630.42  2151.64  1748.12 
SO4  540.44  438.71  409.85  -1539.42  -1292.71  -1513.66  2079.85  1731.41  1923.51 
SO5  252.69  250.53  298.91  -1327.76  -1070.51  -1318.61  1580.45  1321.03  1617.53 
S06  485.67  303.11  258.85  -1604.82  -1508.62  -1451.34  2090.49  1811.74  1710.19 
S07  406.43  319.12  357.36  -1660.64  -1436.06  -1753.18  2067.07  1755.18  2110.54 
S08  278.34  225.47  252.77  -1235.90  -1675.71  - 1411.75  1514.24  1901.18  1664.52 
S09  335.77  265.95  217.07  -1786.44  -1480.67  -1436.82  2122.21  1746.62  1653.89 
SIO  491.00  345.69  297.16  -1630.48  -1741.36  -1525.10  2121.49  2087.05  1822.27 
S11  397.68  579.68  349.79  -1744.44  -1430.94  -1333.99  2142.12  2010.62  1683.78 
S12  707.63  723.88  419.66  -1698.14  -1396.70  -1459.05  2405.77  2120.58  1878.71 
S13  434.00  501.36  277.17  -2304.94  -2105.70  -2006.95  2738.93  2607.06  2284.12 
Mean  409.53  369.84  295.60  -1662.87  -1529.47  -1479.76  2072.39  1899.30  1775.36 
SD  130.56  150.97  69.46  305.31  258.61  204.89  374.31  308.59  230.40 
Table N.24. Maximum, minimum, and range of absolute values for angular velocity 
variables-left pendulum angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31 SI 1W  31  81  I W  31  81 
SOI  264.23  244.75  221.15  -1599.26  -1527.99  -1417.46  1863.48  1772.74  1638.61 
SO2  260.69  217.86  179.24  -1737.62  -1680.80  -1539.95  1998.31  1898.67  1719.18 
S03  439.20  372.53  287.39  -2364.57  -1996.63  -1629.25  2803.77  2369.15  1916.64 
SO4  580.36  447.43  389.40  -1623.53  -1571.05  -1685.40  2203.89  2018.48  2074.81 
SO5  339.02  266.17  289.46  -1548.36  -1202.73  -1456.07  1887.37  1468.90  1745.53 
S06  553.75  353.46  297.47  -1707.95  -1693.21  -1689.44  2261.70  2046.67  1986.91 
S07  455.35  391.96  361.95  -1782.95  -1695.02  -1801.03  2238.31  2086.98  2162.98 
S08  267.18  238.79  246.78  -1404.69  -1776.67  -1557.65  1671.87  2015.46  1804.43 
SO9  324.30  270.48  294.01  -1902.24  -1527.36  -1480.03  2226.53  1797.83  1774.04 
SIO  454.40  403.71  430.33  -1860.56  -1866.88  -1884.98  2314.96  2270.59  2315.31 
SI I  391.55  427.34  335.87  -1688.22  -1624.60  -1426.94  2079.77  2051.94  1762.80 
S12  613.52  438.08  377.37  -1857.86  -1507.24  -1700.85  2471.38  1945.32  2078.21 
S13  420.30  259.63  215.96  -2359.48  -2087.47  -2133.12  2779.78  2347.10  2349.08 
Mean  412.60  333.24  302.03  -1802.87  -1673.67  -1646.32  2215.47  2006.91  1948.35 
SD  119.95  85.23  74.75_  283.62  229.02  205.76_  333.60  246.68  233.05 334 
Table N.25. Maximum, minimum, and range of absolute values for angular velocity 
variables-left pendulum angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 I W  31  81 
SOI  2318.08  2928.84  2889.34  -2620.46  -3231.05  -3966.74  4938.53  6159.88  6856.08 
SO2  1644.69  1650.63  2519.04  -490.49  -507.89  -727.08  2135.19  2158.52  3246.12 
SO3  2208.16  1668.49  1765.23  -731.59  -852.02  -1544.69  2939.75  2520.51  3309.92 
SO4  1676.69  1680.08  2101.38  -747.56  -833.26  -907.06  2424.25  2513.34  3008.44 
S05  2629.66  2834.49  2629.91  -741.59  -1011.39  -1074.16  3371.25  3845.88  3704.07 
S06  1929.40  1710.32  2936.85  -638.97  -756.00  -842.66  2568.37  2466.32  3779.51 
S07  2119.73  2287.09  1730.84  -775.28  -839.86  -967.48  2895.01  3126.95  2698.33 
SO8  2013.56  2347.44  2906.81  -906.78  -4711.73  -1063.85  2920.34  7059.17  3970.66 
SO9  1594.45  2144.39  1694.58  -1328.90  -2104.63  -2560.35  2923.35  4249.02  4254.93 
S I 0  1810.87  2434.41  2034.58  -614.06  -728.95  -1331.29  2424.94  3163.36  3365.87 
Sll  1471.84  1820.76  2037.02  -535.81  -545.65  -652.45  2007.66  2366.41  2689.47 
S12  2052.83  2226.49  1912.24  -1660.95  -783.61  -581.23  3713.79  3010.10  2493.47 
S13  2050.05  2062.90  2312.13  -4747.38  -5817.72  -5575.24  6797.43  7880.61  7887.37 
Mean  1963.08  2138.18  2266.92  -1272.29  -1747.98  -1676.48  3235.37  3886.16  3943.40 
SD  323.78  431.01  462.76  1199.51  1746.80  1501.14  1313.82  1920.35  1621.23 
Table N.26. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 I W 31  81 1 
SOI  241.70  225.95  185.88  -991.04  -1138.04  -773.64  1232.74  1363.99  959.53 
SO2  123.63  148.28  138.60  -865.97  -772.64  -1149.55  989.60  920.92  1288.15 
S03  243.15  200.81  198.04  -1031.35  -966.77  -983.75  1274.50  1167.58  1181.79 
SO4  219.34  285.27  334.20  -840.37  -825.70  -764.62  1059.71  1110.97  1098.83 
S05  295.35  266.67  246.23  -1208.15  -784.90  -1091.49  1503.50  1051.57  1337.71 
S06  250.81  244.85  206.25  -1068.03  -901.82  -728.22  1318.85  1146.67  934.47 
S07  262.65  281.02  381.18  -959.65  -804.57  -825.41  1222.30  1085.59  1206.59 
SO8  262.66  281.09  288.86  -1542.30  -1866.20  -1699.47  1804.95  2147.29  1988.32 
S09  220.53  233.47  252.07  -855.53  -817.14  -1021.83  1076.05  1050.61  1273.90 
S 10  239.88  212.85  191.01  -889.47  -826.98  -967.55  1129.35  1039.83  1158.56 
S 1 1  230.31  209.09  258.09  -1222.51  -1334.18  -858.34  1452.83  1543.27  1116.43 
S12  178.41  197.53  179.47  -732.17  -827.86  -703.39  910.58  1025.40  882.86 
SI 3  160.54  158.93  201.32  -967.73  -783.89  -742.87  1128.26  942.82  944.19 
Mean  225.30  226.60  235.48  -1013.40  -973.13  -946.93  1238.71  1199.73  1182.41 
SD  46.51  44.79  67.77  212.37  314.73  269.31  241.00  330.59  283.33 335 
Table N.27. Maximum, minimum, and range of absolute values for angular velocity 
variables-hip segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W  31  81 1W 31  81  1W  31  81 
SO1  140.31  124.25  69.00  -552.19  -672.14  -388.96  692.51  796.38  457.96 
SO2  91.46  105.51  119.69  -581.27  -717.51  -566.09  672.73  823.02  685.78 
S03  142.43  158.99  129.90  -965.16  -594.06  -432.62  1107.58  753.05  562.52 
SO4  81.26  94.02  161.70  -976.53  -765.09  -858.57  1057.78  859.12  1020.27 
SO5  64.69  78.57  96.13  -706.44  -768.02  -776.26  771.12  846.59  872.39 
S06  107.80  125.01  121.27  -592.77  -633.41  -658.35  700.57  758.42  779.62 
SO7  74.82  67.05  85.47  -835.63  -561.74  -1019.55  910.45  628.78  1105.02 
S08  105.11  104.69  117.73  -977.56  -962.81  -618.49  1082.67  1067.49  736.22 
S09  78.56  86.77  94.65  -803.24  -982.59  -610.63  881.80  1069.36  705.29 
S 10  95.57  122.92  127.11  -654.59  -671.65  -658.04  750.16  794.57  785.15 
S 1 1  90.62  70.95  77.34  -458.13  -511.50  -776.19  548.75  582.45  853.54  
S12  74.63  85.29  103.46  -605.59  -533.02  -560.24  680.22  618.31  663.69  
S13  82.69  73.61  75.62  -787.41  -646.13  -735.66  870.10  719.75  811.29  
Mean  94.61  99.82  106.08  -730.50  -693.82  -666.13  825.11  793.64  772.21  
SD  24.07  27.05  26.53  174.49  147.27  170.55  176.78  149.96  172.83  
Table N.28. Maximum, minimum, and range of absolute values for angular velocity 
variables-inter knee segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SOI  86.42  102.74  94.22  -331.82  -448.61  -497.07  418.24  551.35  591.29 
SO2  41.82  66.39  84.26  -344.01  -437.40  -386.97  385.83  503.79  471.23 
S03  63.06  58.10  74.42  -425.53  -352.50  -410.76  488.58  410.60  485.18 
SO4  109.73  100.89  84.83  -452.26  -565.12  -582.57  562.00  666.01  667.40 
SO5  32.64  63.21  75.36  -406.64  -529.14  -570.32  439.28  592.35  645.67  
S06  90.47  85.79  88.84  -398.00  -715.61  -501.21  488.48  801.41  590.04  
SO7  82.83  64.41  61.25  -417.59  -363.26  -458.28  500.43  427.67  519.53  
S08  68.25  72.05  62.76  -457.26  -493.24  -590.63  525.51  565.29  653.39  
S09  74.17  85.98  85.68  -456.43  -513.04  -487.82  530.60  599.02  573.49  
S 10  87.77  69.92  86.46  -451.22  -482.86  -446.32  538.99  552.78  532.77  
S 1 1  58.68  46.52  61.29  -345.13  -317.18  -519.17  403.81  363.70  580.46  
S12  72.61  49.93  75.35  -467.77  -517.56  -545.07  540.38  567.50  620.43  
S13  43.51  53.09  61.05  -413.82  -384.37  -331.34  457.33  437.46  392.38  
Mean  70.15  70.70  76.60  -412.88  -470.76  -486.73  483.03  541.46  563.33  
SD  22.07  18.26  11.82  46.77  106.10  78.56  57.43  117.03  80.38  336 
81 
Table N.29. Maximum, minimum, and range of absolute values for angular velocity 
variables-golf club segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31 
SO1  3045.08  4490.50  5677.84  -3480.91  -3652.82  -3573.31  6525.99  8143.31  9251.15 
S02  543.06  575.86  628.26  -2364.00  -2599.73  -2705.46  2907.06  3175.59  3333.72 
S03  834.88  895.86  824.62,,  -3229.03  -2522.61  -2731.94  4063.91  3418.47  3556.56 
SO4  813.90  896.24  957.82  -2412.42  -2660.43  -3071.80  3226.32  3556.67  4029.61 
SO5  893.39  1037.76  1164.05  -2831.67  -3216.50  -3049.34  3725.06  4254.27  4213.39 
S06  729.89  793.34  818.28  -2343.22  -2549.23  -2917.68  3073.10  3342.57  3735.95 
S07  908.21  935.07  1105.04  -2402.96  -2532.06  -3766.20  3311.17  3467.13  4871.24 
SO8  1077.42  1154.95  1289.42  -3343.52  -2665.82  -2637.66  4420.94  3820.76  3927.08 
SO9  1523.66  2555.04  3081.7;  -2618.64  -3163.68  -3852.72  4142.30  5718.72  6934.44 
S10  765.22  825.41  944.59  -3021.90  -2905.21  -3267.77  3787.13  3730.63  4212.36 
S11  791.47  794.57  782.61  -2527.46  -2629.97  -2490.93  3318.94  3424.54  3273.54 
S12  688.02  908.37  806.42  -3268.69  -2939.19  -3169.04  3956.70  3847.57  3975.46 
S13  5883.58  7766.68  11103.93  -2957.38  -3324.01  -3761.94  8840.96  11090.68  14865.87 
Mean  1422.91  1817.67  2244.97  -2830.91  -2873.94  -3153.52  4253.81  4691.61  5398.49 
SD  1487.34  2082.73  3007.89r  412.23  363.44  463.75  1655.62  2356.46  3303.05 
Table N.30. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  ..  1W  31  81 IW 31  81 -....L- ....i.t. 
SOI  318.27  270.54  251.97  -1146.13  -928.83  -752.50  1464.39  1199.37  1004.47  
SO2  176.14  179.77  200.81  -1057.01  -795.11  -1481.93  1233.15  974.87  1682.74  
SO3  384.19  276.06  249.10  -1861.34  -932.23  -962.01  2245.53  1208.29  1211.11  
SO4  319.77  341.73  374.36  -891.92  -984.70  -1221.40  1211.69  1326.43  1595.76  
S05  507.17  389.36  322.13  -1265.49  -1102.37  -1150.03  1772.65  1491.73  1472.16  
S06  414.14  350.48  315.52  -1666.95  -1387.96  -1117.55  2081.09  1738.43  1433.07  
SO7  391.09  466.82  409.66  -1636.80  -1350.08  -1125.25  2027.89  1816.89  1534.91  
S08  433.99  432.46  384.13  -2096.70  -2407.97  -1772.50  2530.69  2840.42  2156.63  
SO9  282.45  236.55  260.62  -1142.19  -918.63  -814.07  1424.63  1155.17  1074.69  
SIO  272.31  296.78  206.96  -1872.36  -1873.92  -1958.27  2144.67  2170.70  2165.23  
S11  428.04  308.71  325.41  -2643.45  -2641.19  -2009.58  3071.49  2949.91  2334.98  
S12  306.89  354.37  234.94  -1872.82  -1632.99  -941.83  2179.71  1987.36  1176.76  
S13  303.95  313.93  282.85  -2412.97  -1099.79  -913.79  2716.92  1413.72  1196.65  
Mean  349.11  324.43  293.73  -1658.93  -1388.90  -1247.75  2008.04  1713.33  1541.47  
SD  87.34  78.02  67.68  539.89  593.44  426.00  573.21  629.80  438.17  337 
Table N.31. Maximum, minimum, and range of absolute values for angular velocity 
variables-hip segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
SO1  75.72  69.08  88.99  -164.19  -142.96  -149.13  239.91  212.04  238.12 
SO2  42.41  42.51  44.03  -149.72  -180.38  -139.86  192.14  222.89  183.89 
S03  41.34  75.55  31.78  -323.56  -142.92  -103.78  364.90  218.47  135.56 
SO4  59.32  61.22  99.66  -120.70  -204.29  -162.78  180.02  265.51  262.45 
SO5  47.76  79.18  57.59  -189.12  -166.87  -191.78  236.88  246.05  249.36 
S06  43.21  47.40  70.54  -124.90  -127.25  -217.46  168.11  174.65  288.00 
S07  71.32  56.41  140.82  -128.46  -63.16  -126.47  199.78  119.57  267.29 
S08  44.59  89.27  39.13  -128.74  -224.33  -95.31  173.34  313.60  134.44 
S09  52.42  59.24  76.87  -237.12  -218.68  -171.20  289.54  277.92  248.07 
S I 0  39.28  40.54  125.45  -125.16  -102.75  -135.46  164.44  143.30  260.91 
S I 1  101.58  50.14  41.11  -190.56  -101.00  -182.17  292.13  151.14  223.28 
S12  85.13  59.68  55.12  -213.25  -132.59  -162.10  298.38  192.28  217.22 
S13  27.71  38.82  35.21  -138.78  -196.46  -61.41  166.49  235.28  96.61 
Mean  56.29  59.16  69.71  -171.87  -154.13  -146.07  228.16  213.28  215.78 
SD  21.24  15.66  35.22  59.18  49.52  42.56  64.93  56.36  59.92 
Table N.32. Maximum, minimum, and range of absolute values for angular velocity 
variables-inter knee segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
IW 31  81 1W  31  81 I W 31  81 
SO1  49.28  36.69  49.64  -77.43  -69.42  -75.30  126.71  106.11  124.94 
SO2  36.04  121.58  85.06  -44.41  -108.75  -95.92  80.45  230.33  180.97 
S03  178.38  64.18  37.28  -113.53  -88.60  -81.74  291.91  152.78  119.03 
SO4  74.35  83.20  118.15  -93.65  -84.86  -98.83  168.00  168.06  216.97 
505  122.05  80.66  23.60  -83.90  -81.15  -108.19  205.95  161.81  131.79 
S06  40.58  42.29  92.27  -63.87  -45.66  -57.59  104.45  87.95  149.86 
S07  90.63  60.02  205.05  -165.71  -95.27  -81.47  256.34  155.29  286.52 
SO8  45.42  140.49  49.43  -131.28  -181.50  -109.16  176.70  321.99  158.59 
S09  122.92  47.31  37.37  -137.65  -108.40  -83.48  260.57  155.71  120.84 
S I 0  72.41  23.39  55.89  -83.76  -80.13  -186.33  156.17  103.52  242.22 
S I 1  72.59  74.69  42.26  -95.13  -59.64  -109.39  167.71  134.33  151.65 
S12  108.38  47.99  162.04  -81.65  -117.28  -78.66  190.03  165.27  240.70 
S13  94.84  23.41  31.28  -71.05  -48.98  -46.96  165.89  72.39  78.23 
Mean  85.22  65.07  76.10  -95.62  -89.97  -93.31  180.84  155.04  169.41 
SD  40.67  35.33  55.42  33.31  35.39  33.86  61.33  64.99  60.49 338 
Table N.33. Maximum, minimum, and range of absolute values for angular velocity 
variables-right upper arm segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81 1W  31  81 
SO1  259.38  280.91  241.94  -788.67  -714.44  -701.64  1048.05  995.35  943.58 
SO2  173.88  192.07  179.48  -822.91  -735.13  -936.32  996.80  927.20  1115.80 
S03  257.32  218.90  205.64  -666.79  -614.98  -633.65  924.10  833.88  839.29 
SO4  188.77  170.30  178.07  -578.80  -569.32  -480.74  767.57  739.62  658.82 
SO5  308.60  255.89  286.28  -651.92  -742.49  -576.48  960.52  998.38  862.76 
S06  325.98  371.89  353.93  -657.21  -607.99  -731.42  983.20  979.88  1085.34 
S07  287.43  173.40  193.70  -544.04  -452.17  -415.93  831.46  625.57  609.63 
S08  280.30  269.11  350.26  -718.20  -612.53  -698.81  998.50  881.64  1049.07 
S09  208.81  192.38  179.67  -473.62  -583.89  -531.67  682.43  776.27  711.33 
SIO  198.57  229.20  184.03  -771.38  -850.60  -861.61  969.95  1079.80  1045.64 
S11  182.85  210.48  256.59  -642.59  -862.13  -1116.47  825.44  1072.61  1373.06 
S12  197.67  313.99  211.36  -803.23  -707.02  -557.73  1000.90  1021.01  769.09 
S13  198.49  244.53  189.35  -1079.57  -1073.41  -731.73  1278.06  1317.95  921.08 
Mean  236.00  240.23  231.56  -707.61  -702.01  -690.32  943.61  942.24  921.88 
SD  52.37  58.42  62.99  153.07  159.94  194.33  147.35  176.82  213.02 
Table N.34. Maximum, minimum, and range of absolute values for angular velocity 
variables-right forearm segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 IW  31  81 
SOI  480.65  412.42  421.25  -2640.39  -2199.11  -1719.09  3121.04  2611.53  2140.34 
SO2  318.34  276.44  302.70  -3551.34  -2280.87  -2227.48  3869.67  2557.32  2530.18 
S03  358.03  354.56  346.84  -2653.97  -2200.72  -2255.22  3012.00  2555.28  2602.06 
SO4  488.14  520.10  499.69  -2965.36  -2297.70  -1986.08  3453.50  2817.81  2485.77 
S05  484.76  511.47  480.30  -2388.04  -2701.80  -2875.31  2872.80  3213.26  3355.61 
S06  493.63  464.50  418.91  -3553.59  -2456.08  -1857.38  4047.22  2920.58  2276.29 
S07  425.11  440.71  454.29  -1990.71  -1837.42  -1686.25  2415.81  2278.13  2140.54 
S08  417.53  384.67  376.29  -2926.72  -3270.65  -1840.23  3344.24  3655.31  2216.52 
S09  428.50  447.26  475.14  -2835.58  -3358.66  -1645.51  3264.08  3805.93  2120.65 
SIO  382.14  382.04  413.13  -3020.20  -2477.63  -1876.85  3402.34  2859.66  2289.97 
S11  413.52  499.07  454.65  -2848.12  -2240.81  -1233.07  3261.64  2739.88  1687.72 
S12  346.66  356.41  422.77  -2544.22  -1786.16  -1223.33  2890.88  2142.57  1646.10 
S13  396.17  406.89  436.17  -4866.96  -2689.69  -2920.12  5263.13,  3096.58  3356.29 
Mean  417.94  419.73  423.24  -2983.48  -2445.95  -1949.68  3401.41  2865.68  2372.93 
SD  57.43  70.50  55.23  707.07  470.56  520.61  700.50  485.37  519.04 339 
Table N.35. Maximum, minimum, and range of absolute values for angular velocity 
variables-left upper arm segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 IW 31  81 
SOI  392.03  375.13  308.43  -986.11  -1302.27  -1187.29  1378.14  1677.40  1495.73 
S02  190.63  186.72  238.41  -987.40  -982.81  -1226.89  1178.03  1169.53  1465.31 
SO3  259.16  231.12  248.59  -796.19  -954.20  -941.28  1055.35  1185.33  1189.87 
SO4  314.58  334.21  381.48  -692.81  -780.94  -703.29  1007.38  1115.15  1084.77 
SO5  495.26  405.60  369.08  -1290.51  -1002.91  -1162.43  1785.77  1408.51  1531.51 
SO6  283.35  280.10  235.63  -801.08  -1049.61  -951.23  1084.43  1329.72  1186.86 
S07  310.15  305.47  290.35  -743.32  -883.61  -766.51  1053.47  1189.08  1056.86 
S08  382.58  375.30  374.79  -889.44  -1057.61  -1180.48  1272.03  1432.91  1555.27 
S09  303.38  277.66  242.68  -752.17  -1093.90  -835.70  1055.54  1371.55  1078.38 
S10  223.75  289.81  235.67  -915.44  -1187.07  -1325.91  1139.19  1476.88  1561.58 
S11  390.15  260.81  338.23  -958.85  -843.40  -1186.32  1349.00  1104.21  1524.54 
S12  306.27  234.07  235.34  -847.25  -999.23  -810.82  1153.52  1233.30  1046.16 
S13  257.00  232.42  241.34  -843.49  -823.90  -824.93  1100.49  1056.32  1066.27 
Mean  316.02  291.42  287.69  -884.93  -997.04  -1007.93  1200.95  1288.45  1295.62 
SD  81.72  65.66  59.36  153.91  147.28  209.65  210.59  179.40  223.89 
Table N.36. Maximum, minimum, and range of absolute values for angular velocity 
variables-left forearm segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W 31  81 
501  389.61  397.87  378.74  -1043.58  -886.56  -795.62  1433.19  1284.43  1174.36 
SO2  278.82  214.71  255.66  -1158.14  -925.11  -1159.32  1436.96  1139.82  1414.98 
S03  312.18  284.03  291.64  -1057.65  -1066.05  -990.04  1369.83  1350.08  1281.68 
SO4  404.93  362.48  315.54  -834.30  -852.32  -856.40  1239.22  1214.80  1171.94 
SO5  481.02  492.60  377.03  -1054.98  -1155.77  -1111.96  1536.00  1648.36  1488.99 
S06  652.70  462.37  381.99  -1387.36  -1068.87  -1002.19  2040.06  1531.24  1384.18 
S07  541.19  473.05  406.35  -1016.11  -873.02  -786.04  1557.30  1346.07  1192.40 
S08  510.89  416.17  422.97  -1093.44  -1169.37  -1169.75  1604.33  1585.54  1592.72 
S09  438.00  432.10  403.41  -933.09  -890.89  -1039.48  1371.09  1322.99  1442.89 
SIO  365.44  332.81  354.95  -1008.76  -1021.94  -1106.03  1374.20  1354.75  1460.98 
S11  501.14  570.91  312.84  -1287.46  -1267.06  -864.67  1788.60  1837.97  1177.52 
512  453.34  336.36  279.09  -1521.33  -1211.88  -856.88  1974.67  1548.24  1135.97 
S13  367.29  382.98  335.74  -1294.86  -1127.40  -1188.26  1662.15  1510.37  1524.00 
Mean  438.19  396.80  347.38  -1130.08  -1039.71  -994.36  1568.28  1436.51  1341.74 
SD  101.24  94.08  53.21  192.72_  142.24  147.66  242.77  193.80  158.53 340 
Table N.37. Maximum, minimum, and range of absolute values for angular velocity 
variables-left arm segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
31  81 IW  31  81 IW  31  81 
501  390.10  358.42  330.10  -971.12  -1049.02  -903.88  1361.22  1407.45  1233.98 
SO2  210.10  186.34  211.54  -1075.71  -906.94  -1149.94  1285.81  1093.29  1361.48 
S03  267.27  255.25  255.24  -892.92  -1013.19  -937.83  1160.19  1268.43  1193.07 
SO4  338.68  320.34  338.13  -761.51  -849.63  -787.88  1100.19  1169.97  1126.02 
SOS'  448.47  441.91  359.21  -1106.82  -1095.00  -1039.14  1555.29  1536.90  1398.35 
S06  418.10  347.94  302.74  -1050.71  -993.90  -977.46  1468.81  1341.84  1280.20 
SO7  423.68  378.62  323.61  -859.92  -867.45  -765.49  1283.60  1246.08  1089.10 
S08  441.74  396.49  390.71  -988.01  -1101.64  -1195.39  1429.76  1498.13  1586.10 
S09  364.36  353.75  307.28  -841.13  -965.03  -908.49  1205.49  1318.78  1215.77 
510  286.70  286.77  276.68  -979.03  -1034.84  -1197.86  1265.73  1321.61  1474.54 
51  428.58  352.51  319.73  -1018.28  -1019.86  -985.17  1446.86  1372.37  1304.90 
512'  353.84  265.59  240.45  -1059.33  -926.18  -809.75  1413.18  1191.77  1050.20 
S13  289.78  289.68  280.80  -976.59  -952.51  -967.11  1266.38  1242.20  1247.91 
Mean  358.57  325.66  302.79  -967.78  -982.71  -971.18  1326.35  1308.37  1273.97 
SD  76.05  67.84  49.40  102.16  80.34  144.34  132.54  126.63  152.79 
Table N.38. Maximum, minimum, and range of absolute values for angular velocity 
variables-golf club segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 3  1W  31  81  1W 31  81 
SO!  543.13  517.38  517.88  -2557.06  -2098.81  -2199.82  3100.18  2616.19  2717.70 
SO2  440.61  402.02  408.27  -2407.88  -2201.24  -1927.14  2848.48  2603.26  2335.41 
503  704.42  622.67  562.40  -2699.49  -2494.19  -2220.95  3403.91  3116.86  2783.35 
504  837.85  707.11  664.77  -2223.15  -2113.60  -2188.76  3061.00  2820.71  2853.53 
SOS  681.20  628.93  582.23  -2086.63  -1906.65  -1866.13  2767.83  2535.59  2448.36 
S06  859.05  636.06  574.04  -2476.34  -2187.34  -1940.71  3335.39  2823.40  2514.74 
SO7  736.71  697.07  652.20  -2250.21  -2249.49  -2306.84  2986.92  2946.56  2959.04 
SO  596.58  533.99  450.71  -2205.54  -2162.10  -2032.14  2802.12  2696.10  2482.85 
SO9  586.51  584.48  584.09  -2695.99  -2142.77  -2125.52  3282.50  2727.25  2709.62 
510  383.57  399.27  363.85  -2857.10  -2409.73  -2514.72  3240.68  2809.00  2878.57 
511  680.84  595.39  480.16  -2369.45  -2160.60  -1985.95  3050.28  2755.99  2466.11 
512  546.50  473.13  472.24  -2725.01  -2178.31  -2287.94  3271.51  2651.44  2760.18 
S13  406.19  499.21  463.22  -2826.74  -2747.81  -2942.74  3232.93  3247.02  3405.96 
615.63  561.29  521.24  -2490.81  -2234.82  -2195.33  3106.44  2796.10  2716.57 
Sfl  152.57  100.52  91.23  256.25  209.76  289.08  209.47  205.16  282.96 341 
Table N.39. Maximum, minimum, and range of absolute values for angular velocity 
variables-rotational axis segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
S01  19.11  25.76  22.35  -120.41  -94.17  -112.38  139.52  119.93  134.73 
SO2  30.46  50.32  27.01  -129.04  -127.01  -96.91  159.49  177.33  123.92 
S03  45.46  7.50  15.18  -44.59  -60.85  -24.12  90.05  68.35  39.30 
SO4  3.77  24.57  36.48  -67.87  -55.14  -64.52  71.64  79.71  101.00 
S05  32.54  36.58  27.77  -114.07  -91.89  -86.95  146.62  128.48  114.72 
S06  21.46  12.22_  34.52_  -81.58  -44.20  -56.69  103.05  56.42  91.21 
S07  43.02  43.31  73.80  -61.54  -73.80  -59.48  104.56  117.11  133.29 
S08  33.36  33.23  27.67  -113.74  -56.95  -76.85  147.10  90.18  104.51 
S09  19.53  38.29  11.26  -61.70  -88.13  -54.69  81.23  126.42  65.95 
SlO  58.24  39.28  29.35  -132.79  - 108.64  -87.07  191.02  147.91  116.42 
S11  42.06  25.12  30.59  -87.10  -79.88  -58.66  129.16  105.00  89.25 
S12  33.25  33.08  52.02  -165.11  -126.31_  -66.05  198.35  159.39  118.08 
S13  23.67  48.39  55.61  -55.84  -116.16  -69.64  79.52  164.55  125.25 
Mean  31.22  32.13  34.12  -95.03  -86.39  -70.31  126.25  118.52  104.43 
SD  14.11  12.85  17.20  36.68  27.68  22.26  41.88  37.80  27.60 
Table N.40. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment vs. hip segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W 31  81 1W  31  81 
SOl  248.91  223.98  163.67  -1015.22  -851.12  -633.65  1264.13  1075.09  797.32 
SO2  146.39  147.64  158.00  -956.74  -773.30  -1391.45  1103.13  920.95  1549.45 
S03  399.31  229.04  222.87  -1640.83  -816.51  -859.45  2040.14  1045.56  1082.32 
SO4  301.50  325.46  316.92  -780.97  -892.02  -1077.89  1082.47  1217.48  1394.81 
SO5  463.55  366.52  286.75  -1193.39  -945.03  -986.10  1656.94  1311.56  1272.84 
SO6  385.12  350.17  334.90  -1588.75  -1313.83  -980.11  1973.88  1664.00  1315.01 
S07  365.84  451.26  392.51  -1538.82  -1326.08  -1037.70  1904.65  1777.34  1430.21 
S08  397.81  432.66  353.46  -2030.33  -2183.64  -1677.22  2428.14  2616.30  2030.68 
S09  235.30  208.04  235.28  -982.83  -703.10  -694.60  1218.13  911.14  929.88 
S 10  233.60  271.93  308.72  -1765.85  -1808.54  -1872.64  1999.45  2080.47  2181.36 
S 1 1  416.01  260.60  301.80  -2525.97  -2541.17  -1932.12  2941.97  2801.77  2233.92 
S12  245.52  320.63  229.95  -1776.20  -1559.76  -922.74  2021.72  1880.39  1152.69 
S13  287.61  303.07  251.88  -2326.22  -1040.24  -862.86  2613.83  1343.31  1114.74 
Mean  317.42  299.31  273.59  -1547.85  -1288.80  -1148.35  1865.28  1588.10  1421.94 
SD  93.63  88.19  70.84  545.55_  582.78  431.68  587.37  621.44  462.94 342 
Table N.41. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment vs. hip segment angle projected onto transverse plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31 81 1W 31  81 
SOl  227.25  222.58  155.80  -732.96  -538.79  -400.88  960.21  761.37  556.68 
SO2  102.16  199.85  149.66  -650.63  -513.88  -970.24  752.78  713.73  1119.90 
S03  304.20  180.79  160.21  -442.01  -439.11  -609.58  746.21  619.90  769.80 
SO4  199.40  303.79  291.60  -360.93  -404.57  -479.83  560.33  708.36  771.43 
S05  254.34  241.16  246.82  -733.82  -389.60  -512.92  988.17  630.76  759.74 
S06  233.51  214.87  231.17  -566.88  -436.95  -405.91  800.38  651.81  637.08 
S07  222.44  256.59  352.76  -665.46  -499.86  -685.77  887.90  756.44  1038.53 
S08  199.26  392.95  276.32  -1039.21  -1488.59  -1424.57  1238.46  1881.55  1700.89 
S09  165.31  190.90  189.62  -408.45  -293.29  -612.03  573.76  484.19  801.66 
SI 0  144.33  192.32  179.57  -555.21  -543.90  -629.75  699.54  736.21  809.31 
S 1 1  177.34  172.01  201.07  -913.76  -839.20  -703.08  1091.10  1011.21  904.15 
S12  157.72  170.88  162.77  -447.60  -468.36  -202.66  605.31  639.24  365.43 
S13  158.21  136.26  181.95  -759.95  -355.68  -345.01  918.16  491.94  526.96 
Mean  195.80  221.15  213.79  -636.68_  -554.75  -614.02  832.49  775.90  827.81 
SD  53.13  67.09  62.28  201.46  309.64  310.35  205.71  357.49  332.19 
Table N.42. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment vs. inter knee segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W  31  81  I W 31  81 
SO1  280.08  233.85  204.46  -1086.95  -907.44  -715.69  1367.03  1141.29  920.15 
SO2  160.13  166.38  178.70  -1015.94  -769.24  -1399.64  1176.07  935.63  1578.34 
S03  396.06  250.40  224.97  -1782.46  -854.61  -884.84  2178.51  1105.01  1109.80 
SO4  316.51  331.56  384.48  -822.20  -909.90  -1171.78  1138.72  1241.47  1556.26 
SO5  486.89  364.58  316.98  -1203.46  -1032.80  -1066.14  1690.35  1397.39  1383.11 
S06  410.08  314.66  312.99  -1604.99  -1374.72  -1061.47  2015.07  1689.38  1374.46 
S07  413.11  470.13  394.16  -1720.67  -1409.21  -1068.98  2133.78  1879.35  1463.15 
S08  394.21  400.23  340.50  -1977.81  -2236.24  -1672.09  2372.02  2636.47  2012.59 
S09  269.17  221.46  243.67  -1071.59  -893.52  -762.80  1340.77  1114.98  1006.47 
S10  252.08  280.20  219.55  -1826.71  -1801.74  -1979.11  2078.79  2081.94  2198.66 
S11  404.39  270.52  305.85  -2607.07  -2618.63  -1996.94  3011.46  2889.14  2302.79 
S12  278.52  337.82  259.94  -1811.50  -1627.41  -897.58  2090.03  1965.23  1157.52 
S13  286.70  322.10  265.74  -2342.07  -1088.73  -898.72  2628.77  1410.83  1164.46 
Mean  334.46  304.92  280.92  -1605.65  -1348.01  -1198.14  1940.11  1652.93  1479.06 
SD  90.15  80.67  67.88  539.83  579.47  434.66  572.00  611.62  446.44 343 
Table N.43. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment vs. inter knee segment angle projected onto transverse 
plane. 
Maximum  Minimum  Range 
IW 31  81 1W  31  81  1W 31  81 
SO1  185.29  178.32  146.83  -763.92  -873.86  -540.36  949.21  1052.18  687.18 
SO2  93.95  183.07  150.84  -747.50  -459.11  -927.76  841.45  642.18  1078.60 
SO3  193.69  158.20  146.47  -709.82  -795.56  -574.72  903.51  953.76  721.18  
SO4  191.03  206.19  284.10  -438.60  -329.44  -448.37  629.63  535.63  732.46  
SOS  269.74  256.11  217.26  -820.13  -503.59  -562.42  1089.87  759.70  779.68  
S06  235.88  183.28  203.08  -746.55  -473.34  -366.54  982.43  656.62  569.62  
SO7  206.57  245.51  328.06  -709.45  -586.32  -604.16  916.01  831.82  932.23  
S08  212.40  221.22  232.38  -1127.03  -1799.29  -1644.67  1339.43  2020.52  1877.05  
SO9  162.78  196.30  200.98  -499.36  -386.04  -736.29  662.14  582.34  937.27  
S10  172.81  159.50  180.65  -558.99  -568.31  -631.65  731.80  727.80  812.29  
SI I  193.99  167.37  215.65  -901.06  -1047.34  -681.39  1095.04  1214.71  897.04  
S12  145.65  173.77  162.24  -455.91  -607.29  -332.14  601.55  781.06  494.38  
S13  121.13  126.14  167.46  -846.71  -407.06  -438.92  967.84  533.20  606.38  
Mean  183.45  188.84  202.77  -717.31  -679.73  -653.03  900.76  868.58  855.80  
SD  46.28  36.21  54.73  193.99  394.93  337.79  210.50  401.03  347.73  
Table N.44. Maximum, minimum, and range of absolute values for angular velocity 
variables-hip segment vs. inter knee segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W  31  81 1W  31  81 1W  31  81 
S01  46.95  40.85  50.21  -170.30  -85.73  -82.98  217.24  126.59  133.19 
SO2  32.62  35.02  36.64  -111.36  -192.27  -112.45  143.98  227.29  149.09 
S03  63.05  38.81  27.25  -215.98  -100.22  -91.09  279.03  139.03  118.34 
SO4- 35.43  23.31  81.88  -93.33  -198.30  -132.46  128.76  221.61  214.34 
SOS  31.91  67.78  146.51  -120.75  -220.97  -122.17  152.66  288.75  268.68 
SO6  37.31  35.93  80.50  -70.23  -108.21  -200.13  107.54  144.14  280.63 
S07  213.55  151.55  26.15  -182.53,  -89.55  -68.07  396.08  241.10  94.22 
S08  134.95  98.83  56.54  -56.75  -66.12  -68.35  191.70  164.95  124.89 
SO9  86.21  42.12  39.53  -346.09  -191.53  -177.42  432.30  233.65  216.94 
SlO  24.66  38.84  311.78  -197.39  -77.90  -188.43  222.04  116.74  500.22 
SI 1  79.24  22.09  68.94  -168.96  -85.37  -135.48  248.20  107.47  204.41 
S12  52.78  62.76  86.58  -150.69  -70.11  -148.02  203.47  132.88  234.60 
S13  22.11  35.92  30.89  -98.49  -147.48  -53.73  120.60  183.40  84.62 
Mean  66.21  53.37  80.26  -152.53  -125.67  -121.60  218.74  179.04  201.86 
SD  54.25  35.98  77.12  76.41  56.27  47.93  101.07  57.69  110.64 344 
Table N.45. Maximum, minimum, and range of absolute values for angular velocity 
variables-hip segment vs. inter knee segment angle projected onto transverse plane. 
Maximum  Minimum	  Range 
1W  31  81 1W  31  81 IW  31  81 
SO1  82.58  125.42  185.47  -250.76  -372.10  -139.48  333.34  497.52  324.95 
SO2  58.60  117.54  181.56  -294.29  -366.34  -180.64  352.89  483.88  362.20 
SO3  98.04  146.69  77.70  -629.32  -439.15  -125.10  727.37  585.84  202.80 
SO4  128.34  92.38  125.32  -613.37  -222.35  -302.26  741.71  314.73  427.57 
SO5  83.33  73.57  54.90  -302.43  -241.30  -235.91  385.76  314.87  290.81 
S06  48.91  82.20  93.54  -236.58  -180.77  -225.88  285.49  262.97  319.42 
S07  48.88  6.20  187.02  -418.96  -282.82  -584.69  467.84  289.01  771.71 
S08  257.93  73.74  55.13  -619.59  -550.13  -231.10  877.52  623.87  286.23 
SO9  54.70  105.03  95.04  -361.20  -476.01  -154.44  415.91  581.04  249.48 
SW  178.74  54.12  79.51  -209.18  -191.27  -268.36  387.92  245.39  347.87 
S11  64.70  47.15  37.22  -140.05  -208.15  -257.03  204.75  255.30  294.25 
S12  106.25  67.66  71.22  -202.57  -205.62  -142.27  308.82  273.27  213.48 
S13  53.69  57.05  103.60  -400.26  -269.18  -409.00  453.95  326.23  512.59 
Mean	  97.28  80.67  103.63  -359.89  -308.09  -250.47  457.17  388.76  354.10 
SD  61.14  37.25  51.49  168.31  121.02  127.45  200.79  142.68  150.80 
Table N.46. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment vs. right upper arm segment angle projected onto frontal 
plane. 
Maximum  Minimum	  Range 
1W  31  81 1W  31  81  I W 31  81 
SO1  158.82  130.21  113.59  -512.04  -287.06  -249.55  670.86  417.27  363.14 
SO2  313.92  268.37  285.57  -451.35  -318.70  -839.57  765.27  587.07  1125.14  
S03  150.92  107.58  111.76  -1325.95  -375.71  -429.72  1476.87  483.29  541.48  
SO4  365.07  267.80  268.31  -517.23  -600.27  -740.66  882.29  868.07  1008.97  
SO5  285.94  251.21  91.60  -749.00  -369.88  -592.65  1034.94  621.09  684.24  
S06  336.32  202.26  159.70  -1012.22  -790.22  -389.60  1348.54  992.49  549.30  
S07  342.25  375.45  230.76  -1114.36  -899.74  -711.80  1456.61  1275.20  942.57  
SO8  229.31  252.59  237.07  -1385.23  -1819.04  -1077.03  1614.55  2071.64  1314.10  
S09  190.11  174.69  109.90  -670.01  -369.22  -323.99  860.12  543.91  433.88  
SW  191.72  220.74  252.31  -1130.65  -1229.70  -1159.21  1322.37  1450.44  1411.52  
S11  405.76  189.93  282.46  -2147.75  -1877.76  -1276.51  2553.50  2067.69  1558.97  
S12  197.02  265.76  124.38  -1077.46  -1009.44  -478.43  1274.48  1275.21  602.81  
S13  214.25  306.75  214.96  -1401.73  -614.76  -450.88  1615.98  921.51  665.83  
Mean  260.11  231.80  190.95  -1038.08  -812.42  -670.74  1298.18  1044.22  861.69  
SD  85.21  72.23  73.86  473.89  544.37  333.15  495.76  560.48  393.63  345 
Table N.47. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment vs. golf club segment angle projected onto frontal plane. 
Maximum  Minimum  Range 
1W 31  81 1W 31  81 1W 31  81 
SO1  505.76  393.23  310.68  -1853.74  -1565.89  -1776.73  2359.50  1959.12  2087.42 
SO2  462.62  262.63  532.80  -2103.26  -1969.31  -1725.98  2565.88  2231.94  2258.78 
S03  1378.85  442.92  419.01  -2423.30  -2347.87  -2054.11  3802.15  2790.79  2473.12 
SO4  518.34  452.55  566.23  -2032.76  -1825.59  -2012.55  2551.11  2278.14  2578.78 
SO5  683.20  424.09  383.56  -1860.36  -1498.09  -1454.21  2543.56  1922.18  1837.77 
S06  817.54  586.31  444.16  -2412.67  -2009.91  -1744.76  3230.21  2596.22  2188.92 
S07  886.98  549.31  374.05  -1912.51  -1951.85  -1942.17  2799.49  2501.16  2316.22 
SO8  1097.96  999.80  685.02  -1803.91  -1827.14  -1753.84  2901.87  2826.94  2438.86 
SO9  628.49  365.47  373.00  -2550.18  -1934.56  -1791.50  3178.68  2300.02  2164.50 
S 10  1338.42  1352.82  1165.51  -2379.59  -2195.21  -2224.82  3718.01  3548.02  3390.33 
S I I  1421.65  1302.66  831.14  -1879.95  -1962.46  -1828.32  3301.60  3265.13  2659.47 
S12  1208.57  1195.75  481.03  -2304.13  -1855.13  -2028.37  3512.70  3050.88  2509.40 
S13  1981.15  835.59  477.00  -2557.71  -2407.68  -2616.09  4538.86  3243.27  3093.09 
Mean  994.58  704.86  541.78  -2159.54  -1950.05  -1919.50  3154.12  2654.91  2461.28 
SD  456.50  385.09  234.79  286.07  261.98  284.99  626.86  517.68  415.45 
Table N.48. Maximum, minimum, and range of absolute values for angular velocity 
variables-shoulder segment vs. golf club segment angle projected onto transverse 
plane. 
Maximum  Minimum  Range 
1W  31  81 1W 31  81 1W  31  81 
SOI  2834.72  4268.37  5508.80  -2619.62  -2542.59  -2799.67  5454.34  6810.96  8308.47 
SO2  460.02  475.52  519.52  -1646.98  -1914.37  -1904.36  2107.00  2389.89  2423.88 
S03  754.76  840.09  686.65  -2199.40  -1627.30  -1844.00  2954.15  2467.39  2530.65 
SO4  603.65  673.58  649.43  -1760.24  -2073.26  -2446.01  2363.89  2746.84  3095.44 
SO5  638.72  827.16  923.02  -2388.20  -2602.81  -2409.81  3026.92  3429.97  3332.83 
S06  533.94  562.82  625.57  -1735.55  -1968.15  -2330.22  2269.48  2530.97  2955.80 
S07  700.40  722.75  820.43  -1738.86  -1877.60  -3105.57  2439.26  2600.35  3926.00 
S08  829.79  956.05  1068.01  -1824.20  -1705.37  -1266.58  2653.99  2661.42  2334.58 
S09  1399.90  2380.25  2884.51  -1982.02  -2435.54  -2837.11  3381.93  4815.80  5721.62 
S 10  657.29  732.76  802.37  -2337.80  -2378.74  -2506.01  2995.09  3111.50  3308.39 
S I I  641.84  674.59  692.91  -1393.55  -1726.03  -1676.31  2035.39  2400.61  2369.22 
S 12  533.73  762.37  682.40  -2629.09  -2452.18  -2625.83  3162.81  3214.56  3308.23 
S13  5738.59  7647.54  10936.56  -2502.37  -2708.12  -3163.06  8240.96  10355.65  14099.56 
Mean  1255.95  1655.68  2061.55  -2058.30  -2154.77  -2378.04  3314.25  3810.45  4439.59 
SD  1487.93  2084.25  3011.58  409.44  378.03  566.94  1719.58  2331.03  3346.74 346 
Table N.49. Maximum, minimum, and range of absolute values for angular velocity 
variables-left forearm segment vs. golf club segment projected onto frontal plane. 
Maximum  Minimum  Range 
1W  3!  81  1W  31  81  IW  31  81 
SO1  307.78  305.82  257.38  -1638.58  -1340.84  -1404.20  1946.36  1646.66  1661.57 
SO2  250.87  244.93  230.22  -1392.42  -1572.99  -1261.76  1643.29  1817.92  1491.98 
S03  446.86  343.31  289.27  -2134.43  -1870.64  -1644.48  2581.29  2213.95  1933.75 
SO4  468.65  385.59  354.27  -1598.91  -1372.07  -1639.52  2067.55  1757.66  1993.79 
SO5  239.39  266.48  242.26  -1287.66  -1060.71  -1174.22  1527.05  1327.19  1416.47 
S06  494.62  302.48  281.84  -1734.60  -1503.48  -1261.70  2229.22  1805.96  1543.54 
SO7  367.50  327.50  345.54  -1649.75  -1544.29  -1752.95  2017.24  1871.79  2098.49 
S08  261.35  253.10  257.91  -1343.48  -1639.04  -1435.37  1604.83  1892.14  1693.27 
S09  347.51  262.76  227.44  -2040.31  -1632.42  -1606.64  2387.83  1895.18  1834.08 
S1O  473.65  342.54  361.27  -1964.32  -1863.64  -1706.62  2437.96  2206.19  2067.88 
S11  394.98  607.63  360.66  -1704.18  -1482.03  -1493.03  2099.17  2089.66  1853.69 
S12  695.14  736.89  428.37  -1821.53  -1490.38  -1593.12  2516.67  2227.27  2021.50 
S13  417.68  495.88  314.81  -2353.79  -2241.00  -2413.38  2771.47  2736.88  2728.20 
Mean  397.38  374.99  303.94_- 1743.38  -1585.66  -1568.23  2140.77  1960.65  1872.17 
SD  125.24  150.09  62.22  316.44  289.05  312.77  393.89  343.63  341.75 347 
Appendix 0. Commonality Plot for Displacement Variables 1 
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Figure 0.1. Commonality plot for golf  Figure 0.4. Commonality plot for right 
ball.  shoulder point. 
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Figure 0.2. Commonality plot for head 
point. 
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Figure 0.3. Commonality plot for neck 
point. 
Figure 0.5. Commonality plot for right 
elbow point. 
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Figure 0.6. Commonality plot for right 
wrist point. 349 
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Figure 0.7. Commonality plot for right hip  Figure 0.10. Commonality plot for right 
point.  toe point. 
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Figure 0.8. Commonality plot for right  Figure 0.11. Commonality plot for left 
knee point.  shoulder point. 
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Figure 0.9. Commonality plot for right  Figure 0.12. Commonality plot for left 
ankle point.  elbow point. 350 
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Figure 0.13. Commonality plot for left 
wrist point. 
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Figure 0.14. Commonality plot for left hip 
point. 
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Figure 0.15. Commonality plot for left 
knee point. 
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Figure 0.16. Commonality plot for left 
ankle point. 
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Figure 0.17. Commonality plot for left toe 
point. 
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Figure 0.18. Commonality plot for grip 
point. 351 
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Figure 0.19. Commonality plot for club 
head point. 
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Figure 0.20. Commonality plot for head 
segment. 
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Figure 0.21. Commonality plot for 
shoulder segment. 
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Figure 0.22. Commonality plot for hip 
segment. 
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Figure 0.23. Commonality plot for golf 
club segment. 
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Figure 0.24. Commonality plot for right 
upper arm segment. 352 
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Figure 0.25. Commonality plot for right 
forearm segment. 
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Figure 0.26. Commonality plot for right 
thigh segment. 
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Figure 0.27. Commonality plot for right 
shank segment. 
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Figure 0.28. Commonality plot for left 
upper arm segment. 
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Figure 0.29. Commonality plot for left 
forearm segment. 
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Figure 0.30. Commonality plot for left 
thigh segment. 
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Figure 0.31. Commonality plot for left  Figure 0.34. Commonality plot for right 
shank segment.  elbow joint. 
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Figure 0.32. Commonality plot for right  Figure 0.35. Commonality plot for right 
shoulder joint #1. 
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Figure 0.33. Commonality plot for right  Figure 0.36. Commonality plot for right 
shoulder joint #2.  hip joint. 
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Figure 0.37. Commonality plot for right 
knee joint. 
Figure 0.40. Commonality plot for left 
elbow joint. 
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Figure 0.38. Commonality plot for left  Figure 0.41. Commonality plot for left 
shoulder joint #1.  wrist joint. 
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Figure 0.39. Commonality plot for left  Figure 0.42. Commonality plot for left hip 
shoulder joint #2.  joint. JOINT : DEE (L_III?  1 Lye 1 LAIRD 
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Figure 0.43. Commonality plot for left 
knee joint. 
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Figure 0.44. Commonality plot for right 
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Figure 0.45. Commonality plot for right 
hip angle. 
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Figure 0.46. Commonality plot for left 
ankle angle. 
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Figure 0.47. Commonality plot for left hip 
angle. 
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Figure 0.48. Commonality plot for right 
shoulder angle. 356 
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Figure 0.49. Commonality plot for left 
shoulder angle. 
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Figure 0.50. Commonality plot for 
shoulder segment angle. 
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Figure 0.51. Commonality plot for hip 
segment angle. 
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Figure 0.52. Commonality plot for knee 
segment angle. 
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Figure 0.53. Commonality plot for right 
upper arm segment angle. 
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Figure 0.54. Commonality plot for left 
upper arm segment angle. I 
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Figure 0.55. Commonality plot for right  Figure 0.58. Commonality plot for golf 
forearm segment angle.  club segment angle. 
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Figure 0.56. Commonality plot for left  Figure 0.59. Commonality plot for 
forearm segment angle.  rotational axis angle. 
KLE  (L fill_X?  I LAMS)  fiGE  (SLDRAIIPYZ  SLDRAIIP_XY) 
MOMLIM TQIE  KIZD TIME  --
I 
HMI - - - -I 
ILIMLIZO TINE I VALUE NORMALIZED TIME i VALUE 
=IM  HE 
MI EM  I IM1111  =MEE 
Figure 0.57. Commonality plot for left  Figure 0.60. Commonality plot for 
arm segment angle.  shoulder vs. hip segment angle. 358 
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Figure 0.61. Commonality plot for 
shoulder vs. knee segment angle. 
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Figure 0.62. Commonality plot for hip vs. 
knee segment angle. 
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Figure 0.63. Commonality plot for 
shoulder vs. right upper arm segment 
angle. 
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Figure 0.64. Commonality plot for 
shoulder vs. left upper arm segment angle. 
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Figure 0.65. Commonality plot for 
shoulder vs. golf club segment angle. 
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Figure 0.66. Commonality plot for right 
forearm vs. golf club segment angle. 
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Figure 0.67. Commonality plot for left 
forearm vs. golf club segment angle. 
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Figure 0.68. Commonality plot for right 
knee angle. 
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Figure 0.69. Commonality plot for right 
elbow angle. 
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Figure 0.70. Commonality plot for right 
wrist angle. 
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Figure 0.71. Commonality plot for left 
knee angle. 
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Figure 0.72. Commonality plot for left 
elbow angle. ANGLE : L.UIIST IL_IMIST I  _MISTS I L JIIIST_XY) 
MORALIZED TIME 
MEM.. I 
I I-
TOTALIZED TIME I VALUE 
El 'EMMEN I 
III I I MIEN El11 
I  
Figure 0.73. Commonality plot for left 
wrist angle. 
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Figure 0.74. Commonality plot for left 
pendulum angle. 
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Figure 0.75. Commonality plot for center 
of mass point. 
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Figure 0.76. Commonality plot for center 
of mass point in medio-lateral. 
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Figure 0.77. Commonality plot for center 
of mass point in antero-posterior. 
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Figure 0.78. Commonality plot for center 
of mass point in vertical. 361 
Appendix P. Uniqueness Plot for Displacement Variables 362 
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Figure P.1. Uniqueness plot for golf ball. 
POINT  : OD (RN) 
MONIALIND TINE 
NOWALIZZI TINE I VALUE 
1 I i i  I  I  1 [ II 
i i  1 i I  I i 1  I 
1  I i  i i I 
Figure P.2. Uniqueness plot for head 
point. 
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Figure P.3. Uniqueness plot for neck 
point. 
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Figure P.4. Uniqueness plot for right 
shoulder point. 
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Figure P.5. Uniqueness plot for right 
elbow point. 
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Figure P.6. Uniqueness plot for right wrist 
point. 
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Figure P.7. Uniqueness plot for right hip 
point. 
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Figure P.8. Uniqueness plot for right knee 
point. 363 
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Figure P.9. Uniqueness plot for right ankle  Figure P.13. Uniqueness plot for left wrist 
point.  point. 
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Figure P.10. Uniqueness plot for right toe  Figure P.14. Uniqueness plot for left hip 
point.  point. 
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Figure P.11. Uniqueness plot for left 
shoulder point. 
Figure P.15. Uniqueness plot for left knee 
point. 
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Figure P.12. Uniqueness plot for left  Figure P.16. Uniqueness plot for left ankle 
elbow point.  point. 364 
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Figure P.17. Uniqueness plot for left toe 
point. 
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Figure P.18. Uniqueness plot for grip 
point. 
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Figure P.19. Uniqueness plot for club 
head point. 
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Figure P.21. Uniqueness plot for shoulder 
segment. 
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Figure P.22. Uniqueness plot for hip 
segment. 
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Figure P.23. Uniqueness plot for golf club 
segment. 
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Figure P.20. Uniqueness plot for head  Figure P.24. Uniqueness plot for right 
segment.  upper arm segment. 365 
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Figure P.25. Uniqueness plot for right  Figure P.29. Uniqueness plot for left 
forearm segment.  forearm segment. 
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Figure P.26. Uniqueness plot for right  Figure P.30. Uniqueness plot for left thigh 
thigh segment.  segment. 
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Figure P.27. Uniqueness plot for right  Figure P.31. Uniqueness plot for left 
shank segment.  shank segment. 
SWINT : LAMM AM (L_SHOULM I LEL101)  JOINT  :  1.311EULDEI 11 (113111LICI  1 LEI  I L_SIOLDEE 
1101111LINO TIME  MALI!) TIME 
110IIIALIM TIE I VALUE IIIIIILIM1 TUE 1 MLR
I  ;  1 ; i  I ; 1  I 1
I i  1 ; 1  i 1 ; i f I  1  I  1 I i ; I 
1 
;  1 ; ; ; i  1 i  I  1  ; i I ; ;  1 i  1 I 
Figure P.28. Uniqueness plot for left  Figure P.32. Uniqueness plot for right 
upper arm segment.  shoulder joint #1. 366 
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Figure P.33. Uniqueness plot for right  Figure P.37. Uniqueness plot for right 
shoulder joint #2.  knee joint. 
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Figure P.34. Uniqueness plot for right  Figure P.38. Uniqueness plot for left 
elbow joint.  shoulder joint #1. 
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Figure P.35. Uniqueness plot for right 
wrist joint. 
Figure P.39. Uniqueness plot for left 
shoulder joint #2. 
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Figure P.36. Uniqueness plot for right hip  Figure P.40. Uniqueness plot for left 
joint.  elbow joint. 367 
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Figure P.41. Uniqueness plot for left wrist  Figure P.45. Uniqueness plot for right hip 
joint.  angle. 
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Figure P.42. Uniqueness plot for left hip  Figure P.46. Uniqueness plot for left ankle 
joint.  angle. 
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Figure P.43. Uniqueness plot for left knee  Figure P.47. Uniqueness plot for left hip 
joint.  angle. 
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Figure P.44. Uniqueness plot for right  Figure P.48. Uniqueness plot for right 
ankle angle.  shoulder angle. 368 
ANGLE  :  L.SHOULDER (L _SLD1_11  I L_SLDRY)  ANGLE  : lira AM (IU-MINNY  JCZ) 
IIONIALIM TIME  NORMALIZED TIME 
MN 
I 
NORMALIZED TINE I VALUE MIIMILIZED TIME I VALUE 
Figure P.49. Uniqueness plot for left 
shoulder angle. 
ANGLE  : MUER (SIJI_XY  i SIDRA) 
110MALIUD TINE 
IMI7B TIME I Villa 
IIIMI1=MIM 
Figure P.50. Uniqueness plot for shoulder 
segment angle. 
ANGLE  : HIP (MINT I  HIP-NZ) 
NORMALIZED TIME 
NOIMILIZED TIM I VALUE 
Figure P.51. Uniqueness plot for hip 
segment angle. 
ANGLE  :  IIfE (121EIXT  I Reim 
MIDALIM TIM 
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Figure P.53. Uniqueness plot for right 
upper arm segment angle. 
AMGLE  :  L.UPDEI ARM (L_U-AMUY  1_11-AM)2) 
11011MLIZED TIME 
MUM TINE I VALUE 
Figure P.54. Uniqueness plot for left 
upper arm segment angle. 
ANGLE  : 11.FINIMM (R_F-ANI_X?  R_T-A111 4_) 
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Figure P.55. Uniqueness plot for right 
forearm segment angle. 
ANGLE : LBW (1. JAM JO  L_T-AMA) 
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Figure P.52. Uniqueness plot for knee  Figure P.56. Uniqueness plot for left 
segment angle.  forearm segment angle. I 
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ANGLE  : L.APH (L_ATIII_XY  1 ILANIS)  fitGLE  : SOLIEMEEE ISLDR/INEE)¢ 1 SLDVINEE_XY) 
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Figure P.57. Uniqueness plot for left arm 
segment angle. 
AilliE  :  GELF CLUB (G-CUE _XT  1 6-CLUB J2) 
110111Kral TIME 
IlOWLIZO TIME I MLR 
Figure P.58. Uniqueness plot for golf club 
segment angle. 
ANGLE  :  ROTATIONAL AXIS (110T-AXIS _TZ  i 10T-AXIS S) 
11011KIZED TINE 
IWAILIZED TIME 1 UAW 
Figure P.59 Uniqueness plot for rotational 
axis angle. 
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Figure P.61. Uniqueness plot for shoulder 
vs. knee segment angle. 
AIGLE  :  HIP/XIIEE (HIT/INES 1 HIT/IfTE_XV) 
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Figure P.62. Uniqueness plot for hip vs. 
knee segment angle. 
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Figure P.63. Uniqueness plot for shoulder 
vs. right upper arm segment angle. 
fiNGLE  SIGIUDA.10,131 W (SLDR/L_U-AlliS I SLEK_U-AFII_XT) 
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Figure P.60. Uniqueness plot for shoulder  Figure P.64. Uniqueness plot for shoulder 
vs. hip segment angle.  vs. left upper arm segment angle. 
1 370 
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Figure P.65. Uniqueness plot for shoulder  Figure P.69. Uniqueness plot for right 
vs. golf club segment angle.  elbow angle. 
NiCLE  : R.FOREAWSOLF CLUB (A 1-A1M-CLUBS I III-A1114-CLUI flY)  ANGLE  :  (R jIlIST  1_11111STS  B_IMIST_XY) 
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Figure P.66. Uniqueness plot for right  Figure P.70. Uniqueness plot for right 
forearm vs. golf club segment angle.  wrist angle. 
N16LE  L.RNIEAMAOLT CLUB (Lf-A1M-CLUIS I 
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Figure P.67. Uniqueness plot for left  Figure P.71. Uniqueness plot for left knee 
forearm vs. golf club segment angle.  angle. 
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Figure P.68. Uniqueness plot for right  Figure P.72. Uniqueness plot for left 
knee angle.  elbow angle. 371 
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Figure P.73. Uniqueness plot for left wrist 
angle. 
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Figure P.74. Uniqueness plot for left 
pendulum angle. 372 
Appendix Q. Continuous Stick Figures for Point Kinematic Analysis 
for Commonality and Uniqueness 373 
Figure Q.1. Continuous stick figures for commonality point kinematic analysis among 
DS, IS, and ASfrontal view (solid black lines represent commonality). 374 
Figure Q.2. Continuous stick figures for commonality point kinematic analysis among 
DS, IS, and ASsagittal view (solid black lines represent commonality). 375 
Figure Q.3. Continuous stick figures for commonality point kinematic analysis between 
DS and ISfrontal view (solid black lines represent commonality). 376 
'fk )
N 
ti 
Figure Q.4. Continuous stick figures for commonality point kinematic analysis between 
DS and ISsagittal view (solid black lines represent commonality). 377 
Figure Q.5. Continuous stick figures for commonality point kinematic analysis between 
DS and ASfrontal view (solid black lines represent commonality). 378 
Figure Q.6. Continuous stick figures for commonality point kinematic analysis between 
DS and ASsagittal view (solid black lines represent commonality). 379 
( 
Figure Q.7. Continuous stick figures for commonality point kinematic analysis between 
IS and ASfrontal view (solid black lines represent commonality). 380 
Figure Q.8. Continuous stick figures for commonality point kinematic analysis between 
IS and ASsagittal view (solid black lines represent commonality). 381 
Figure Q.9. Continuous stick figures for uniqueness point kinematic analysis for DS 
frontal view (solid black lines represent uniqueness). 382 
Figure Q.10. Continuous stick figures for uniqueness point kinematic analysis for DS 
sagittal view (solid black lines represent uniqueness). 383 
Figure Q.11. Continuous stick figures for uniqueness point kinematic analysis for IS 
frontal view (solid black lines represent uniqueness). 384 
Figure Q.12. Continuous stick figures for uniqueness point kinematic analysis for IS 
sagittal view (solid black lines represent uniqueness). 385 
Figure Q.13. Continuous stick figures for uniqueness point kinematic analysis for AS 
frontal view (solid black lines represent uniqueness). 386 
Figure Q.14. Continuous stick figures for uniqueness point kinematic analysis for AS 
sagittal view (solid black lines represent uniqueness). 387 
Appendix R. Continuous Stick Figures for Segment Kinematic Analysis 
for Commonality and Uniqueness 388 
Figure R.1. Continuous stick figures for commonality segment kinematic analysis among 
DS, IS, and ASfrontal view (solid black lines represent commonality). 389 
Figure R.2. Continuous stick figures for commonality segment kinematic analysis among 
DS, IS, and ASsagittal view (solid black lines represent commonality). 390 
Figure R.3. Continuous stick figures for commonality segment kinematic analysis 
between DS and ISfrontal view (solid black lines represent commonality). 391 
Figure R.4. Continuous stick figures for commonality segment kinematic analysis 
between DS and ISsagittal view (solid black lines represent commonality). 392 
Figure R.5. Continuous stick figures for commonality segment kinematic analysis 
between DS and ASfrontal view (solid black lines represent commonality). 393 
7  
I  
Figure R.6. Continuous stick figures for commonality segment kinematic analysis 
between DS and ASsagittal view (solid black lines represent commonality). 394 
Figure R.7. Continuous stick figures for commonality segment kinematic analysis 
between IS and ASfrontal view (solid black lines represent commonality). 395 
Figure R.8. Continuous stick figures for commonality segment kinematic analysis 
between IS and ASsagittal view (solid black lines represent commonality). 396 
Figure R.9. Continuous stick figures for uniqueness segment kinematic analysis for 
DSfrontal view (solid black lines represent uniqueness). 397 
Figure R.10. Continuous stick figures for uniqueness segment kinematic analysis for 
DS sagittal view (solid black lines represent uniqueness). 398 
Figure R.11. Continuous stick figures for uniqueness segment kinematic analysis for 
ISfrontal view (solid black lines represent uniqueness). 399 
Figure R.12. Continuous stick figures for uniqueness segment kinematic analysis for 
ISsagittal view (solid black lines represent uniqueness). 400 
Figure R.13. Continuous stick figures for uniqueness segment kinematic analysis for 
ASfrontal view (solid black lines represent uniqueness). 401 
Figure R.14. Continuous stick figures for uniqueness segment kinematic analysis for 
ASsagittal view (solid black lines represent uniqueness). 402 
Appendix S. Continuous Statistical Plot and Ensembled Plot 
for Linear Displacement Variables 403 
HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX= 10.176 Q .5  MIN=  6.625 GI 55  MAX=  1.327 Q 94.5  MIN=  0.000  67.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  2.461 Q .5  MIN=  1.776 Q 92  MAX=  1.138 Q 5.5  MIN= -1.5% Q 95  
HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  4.Z33 0 .5  MIN=  3.401 9 60  MAX=  1.280 0 5.5  MIN= -1.145 8 96  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  2.988 0 93  MIN=  1.998 2 42.5  MAX=  0.500 0 93  MIN= -0.040 0 78  
Figure S.1. Continuous statistical plot for head medio-lateral displacement. 404 
NORMALIZED TIME  HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.401 V .5 x  
MIN=  1.327 9 60.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.125 9 27 x  
MIN=  0.094 9 100 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.301 9 90 x  
MIN=  1.248 9 68.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.087 9 19.5 z  
MIN=  0.057 9 93.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.226 9 89.5 x  
MIN=  1.180 9 59 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.882 9 35.5 x  
MIM=  8.064 9 90.5 z  
NORMALIZED TIME a VALUE  HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.846 9 .5 x  
MIN=  0.198 9 59 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.296 9 100 z  
MIM=  0.163 9 67 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.825 9 96 x  
MIN=  0.205 9 60 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.365 9 .5 x  
MIM=  0.193 9 63.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.788 9 89.5 x  
MIN=  0.191 9 59 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.341 9 .5 x  
MIM=  8.194 9 77.5 z  
Figure S.2. Ensembled plot for head medio-lateral displacement. 405 
HEAD  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME A VALUE)  
MAX=  9.952 P 108  MIN=  5.747 P .5  MAX=  4.059 P 188  MIN=  0.883 P 98  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  2.592 P 93  MIN=  2.040 El  .5  MAX=  1.124 P 188  MIN= -1.874 P 9  
HEAD  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  1-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  4.336 P 100  MIN=  3.Z14 P .5  MAX=  2.630 P 188  MIN= -1.775 V 6Z.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.889 8 180  MIN=  1.271 9 .5  MAX=  1.989 P 180  MIN= -1.80Z 61 76  
Figure S.3. Continuous statistical plot for head antero-posterior displacement. 406 
NORMALIZED TIME  HEAD  ANTERO-POSTERIOR  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.955 61  .5 x  
MIM=  8.908 @ 89.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.173 @ .5 x  
MIN=  8.143 @ 91.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.821 @ .5 x  
MIN=  8.766 @ 93 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.128 @ .5 x  
MIN=  8.187 @ 82 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.757 @ .5 x  
MIN=  8.693 @ 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.106 @ .5 x  
MIN=  8.885 @ 83 x  
LINEAR DISPLACEMENT  
NORMALIZED TIME i4 VALUE  HEAD  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.857 V .5 x  
MIN=  8.227 @ 91.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.363 P 188 x  
MIN=  8.235 @ 88.5 x  
3 IROM  
RANGE OF MEAN VALUES  
MAX=  8.946 @ .5 x  
MIN=  8.194 @ 93.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.293 61 53.5 z  
MIN=  8.890 P 4 x  
8 18011  
RANGE OF MEAN VALUES  
MAX=  8.931 @ .5 x  
MIN=  0.894 @ 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.259 @ 48.5 x  
MIN=  0.116 @ .5 x  
Figure S.4. Ensembled plot for head antero-posterior displacement. 407 
HEAD  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  5.905 Q .5  MIN=  4.339 V 33  MAX=  1.655 Q .5  MIN=  0.002 V 67  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  2.016 @ 78.5  MIN=  1.687 D 27  MAX=  1.044 @ 48.5  MIN= -8.385 U 8Z  
HEAD  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  3.441 9 .5  MIN=  2.833 Q 188  MAX=  1.527 (i/ 3  MIN= -1.000 0 188  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME d VALUE)  
MAX=  1.615 P .5  MIN=  1.225 El lee  MAX=  1.789 9 .5  MIM= -0.849 8 188  
Figure S.S. Continuous statistical plot for head vertical displacement. 408 
NORMALIZED TIME  HEAD  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.534 V 78 x  
MIM=  1.518 0 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.074 V 24 x  
MIN=  8.851 0 88 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.489 FP 68 x  
MIN=  1.468 8 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.069 0 18 x  
MIM=  8.848 9 188 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.454 9 73.5 x  
MIM=  1.424 9 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.867 E 23 x  
MIN=  8.851 0 188 x  
NORMALIZED TIME A VALUE  HEAD  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.693 9 72 x  
MIN=  8.385 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.405 V 180 x  
MIM=  8.196 0 63 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.684 0 66.5 x  
MIN=  8.412 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.411 0 188 x  
MIN=  8.258 V 63.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.786 8 74 x  
MIN=  8.181 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.364 8 188 x  
MIN=  8.235 8 98.5 x  
Figure S.6. Ensembled plot for head vertical displacement. 409 
HEAD  RESULTANT  LINEAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX= 21.825 U 98.5  MIN= 16.851 8 47.5  MAX=  2.825 0 4  MIN=  0.014 8 49 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  3.594 8 86.5  MIN=  3.121 @ 48.5  MAX=  1.584 8 .5  MIN= -1.992 8 97  
HEAD  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  6.867 8 87  MIN=  5.279 0 48.5  MAX=  2.443 8 5.5  MIN= -1.885 0 188  
1111111111111111111111 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  3.367  92 MIN= 2.638 8 29.5  MAX=  8.842 8 4  MIN= -8.446 8 69.5  
Figure S.7. Continuous statistical plot for head resultant displacement. 410 
NORMALIZED TIME  HEAD  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.285 P .5 x  
MIN=  2.224 Q 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.126 B .5 x  
MIN=  0.183 P 84.5 x  
3 MOM  
RANGE OF MEAN VALUES  
MAX=  2.125 a .5 x  
MIN=  2.096 0 100 z  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  8.888 Q 12.5 x  
MIN=  0.064 8 90.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  2.827 P 87 x  
MIN=  2.005 ki 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.883 8 ZO x  
MIN=  0.062 P 91.5 x  
NORMALIZED TIME d VALUE  HEAD  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.924 P .5 x  
MIN=  8.162 a 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.262 a 90.5 x  
MIN=  0.142 I/ 97.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.745 a .5 %  
MIN=  8.338 Q 55.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.34Z I? 100 z  
MIM=  0.245 B 54.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.703 8 88 x  
MIM=  0.367 8 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.353 fo  .5 x  
MIN=  0.231 P 53.5 x  
Figure S.8. Ensembled plot for head vertical displacement. 411 
NECK  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 11.819 0 .5  MIN=  6.886 9 48  MAX=  0.988 0 2.5  MIN=  8.81? 9 88.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  2.371 0 .5  MIN=  1.798 D 44  MAX=  8.927 0 71.5  MIN= -8.015 8 98.5  
NECK  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  4.269 0 .5  MIN=  3.483 a 54  MAX=  1.385 0 1.5  MIN= -8.677 9 188  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a UALUE)  
MAX=  3.537 0 95  MIN=  2.687 8 58.5  MAX=  8.689 0 .5  MIN= -8.758 8 74  
Figure S.9. Continuous statistical plot for neck medio-lateral displacement. 412 
NORMALIZED TIME  NECK  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.429 0 92.5 x  
MIN=  1.358 8 53 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.145 9 90.5 z  
MIN=  0.127 0 19.5 x  
3 IROM  
RANGE OF MEAN VALUES  
MAX=  1.335 a 93 x  
MIN=  1.268 8 62.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.882 9 33 x  
MIN=  0.045 9 97.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.257 8 94 z  
MIN=  1.205 C 46 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.876 8 38 x  
MIN=  6.855 9 98 x  
NORMALIZED TIME d VALUE  NECK  MEDIO- LATERAL 'LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.775 8 92 x  
MIN=  8.165 9 53.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.341 a 108 z  
MIN=  8.206 a 42.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.824 9 93 x  
MIN=  0.155 9 63 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.321 a .5 %  
MIN=  0.163 8 88.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.786 9 93.5 x  
MIN=  8.205 0 63 z  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  0.337 L 11:18 x  
MIN=  0.206 0 64.5 x  
Figure S.10. Ensembled plot for neck medio-lateral displacement. 413 
NECK  ANTEROPOSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME 8c VALUE)  
MAX= 11.489 P 188  MIN=  8.869 P .5  MAX=  3.404 P 188  MIN=  8.895 P 92  
T-1 US 3 (NORMALIZED TIME)  T -1 US 3 (NORMALIZED TIME & UALUE)  
MAX=  2.933 8 188  MIN=  2.560 8 .5  MAX=  1.836 0 33.5  MIN= 1.434 C 71.5  
1 T  
NECK  ANTEROPOSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  1-1 US 8 (NORMALIZED TIME R VALUE)  
MAX=  4.768 8 188  MIN=  4.882 8 .5  MAX=  2.698 8 188  MIN= 1.Z44 8 79.5  
T -3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  1.784 0 83.5  MIN=  1.513 0 1.5  MAX=  1.810 0 188  MIN= 1.399 9 11.5  
Figure S.11. Continuous statistical plot for neck antero-posterior displacement. 414 
NORMALIZED TIME  NECK  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.863 V .5 x  
MIN=  8.815 @ 94.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.154 @ .5 x  
MIN=  8.133 @ 91.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.787 @ .5 x  
MIN=  8.657 @ 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.127 @ .5 x  
MIN=  8.115 @ 84.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.631 @ .5 x  
MIN=  8.579 0 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.185 @ .5 z  
MIN=  B.092 0 82 z  
NORMALIZED TIME d VALUE  NECK AMUR -POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.855 @ .5 x  
MIN=  8.224 0 94 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.334 @ 188 z  
MIN=  8.174 @ 81 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.882 0 .5 x  
MIN=  8.166 @ 96 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.297 0 43.5 z  
MIN=  8.173 0 .5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.951 @ .5 z  
MIN=  0.038 @ 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.386 @ 73 x  
MIN=  8.854 @ 5 x  
Figure S.12. Ensembled plot for neck antero-posterior displacement. 415 
MECX  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME It VALUE)  
MAX=  4.583 P 75  MIN=  3.136 P 94  MAX=  1.236 P 84  MIN=  8.888 8 2  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.828  me MIN=  1.556 8 85.5  MAX=  0.908 8 97  MIN= -1.578 8 85  
..77:77r77771177.<. 
V  1 T 1  
MECX  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME it VALUE)  
MAX=  3.883 Q 75  MIN=  2.311 8 95.5  MAX=  0.648 8 59.5  MIN= -0.610 8 87  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.196 8 .5  min=  0.652 GI 188  MAX=  1.398 P 76  MIN= -8.624 8 24  
Figure S.13. Continuous statistical plot for neck vertical displacement. 416 
NORMALIZED TIME  NECK  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.396 g .5 x  
MIN=  1.354 8 91.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.866 8 22.5 x  
MIN=  8.853 9 76 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.352 g .5 x  
MIN=  1.313 g 92.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.868 g 28.5 x  
MIN=  0.046 8 108 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.324 8 .5 z  
MIN=  1.296 8 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.852 8 63 z  
MIN=  8.048 8 98 x  
NORMALIZED TIME a VALUE  NECK  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.788 g .5 x  
MIN=  8.151 9 89 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.422 g 188 z  
MIN=  8.144 g 89 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.796 g .5 x  
MIN=  0.170 g 92.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.398 g 188 x  
MIN=  0.196 8 87 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.788 8 .5 x  
MIN=  8.189 8 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.404 8 100 x  
MIN=  8.193 8 77 x  
Figure S.14. Ensembled plot for neck vertical displacement. 417 
1 
NECK  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX= 24.456 P 90.5  MIN= 18.627 P 40  MAX=  1.43Z P .5  MIN=  0.868 9 88.5  
1-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 VALUE)  
MAX=  3.979 9 93  MIN=  3.464 P 41.5  MAX=  8.995 P 4  MIN= -8.69Z V 63  
NECK  RESULTANT  LINEAR DISPLACEMENT  
1-1 US 8 (NORMALIZED TIME)  1-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  6.387 9 85  MIN=  5.812 9 45  MAX=  1.728 9 .5  MIN= -8.7991 9 71.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  3.375 9 98  MIN=  2.578 P 26.5  MAX=  8.744 9 .5  MIN= -8.365 8 73  
Figure S.15. Continuous statistical plot for neck resultant displacement. 418 
NORMALIZED TIME  NECK  RESULTANT  LINEAR DISPLACEMENT 
1 WOOD 
RANGE OF MEAN VALUES 
MAX=  2.179 0 .5 x 
MIM=  2.117 8 68 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  0.114 8 .5 x 
. 
MIN=  8.105 8 82 x 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  2.818 8 .5 x  
MIN=  1.978 0 57.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.888 8 25 x  
MIN=  8.859 8 92 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.918 8 .5 x  
MIM=  1.885 8 57 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.876 8 25 x  
MIM=  0.864 8 88 z  
NORMALIZED TIME d VALUE  NECK  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.949 8 .5 x  
MIN=  0.174 8 56 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.387 8 100 x  
MIN=  8.159 8 58.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.863 8 .5 x  
MIN=  8.219 8 56.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.481 0 188 z  
MIN=  8.178 8 58 x  
41.1=11111111111111111.111'
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.782 8 .5 z  
MIN=  0.286 8 5Z z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.378 8 188 x  
MIN=  0.156 8 43.5 z  
Figure S.16. Ensembled plot for neck resultant displacement. 419 
R_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 35.377 110 4  MIN= 12.514 9 74.5  MAX=  1.668 9 2  MIN=  8.813 9 99.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  5.281 9 5.5  MIN=  2.286 6 81.5  MAX=  1.749 LI  .5  MIN= -8.834 9 74.5  
7111  V f  
R_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.447 9 8  MIN=  4.368 9 75  MAX=  1.881 9 .5  MIN= -8.972 9 75.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  4.344 8 88.5  MIN=  2.611 6 37.5  MAX=  8.859 6 95.5  MIN= -8.744 P 7.5  
Figure S.17. Continuous statistical plot for right shoulder medio-lateral displacement. 420 
NORMALIZED TIME  R_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.397 Q 78.5 x  
MIN=  1.236 Q 23.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 Q 79 x  
MIN=  8.861 Q 11 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.289 Q 78.5 x  
MIN=  1.102 Q 20.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.875 EP 48.5 x  
MIN=  0.055 P 92.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.186 Q 77.5 x  
MIM=  1.826 Q 21 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.878 Q 56.5 x  
MIN=  0.051 Q 83.5 x  
1 ,  
NORMALIZED TIME 6 VALUE  R_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.890 Q 78.5 x  
MIN=  8.894 Q 23.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.244 0 79.5 x  
MIN=  8.128 Q 49 x  
7tt$4.Z.44,:. 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.944 FP 77.5 x  
MIN=  0.823 P 21 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.212 Q 188 x  
MIN=  0.017 Q 21 x  
.0...111111111211111111111111M1111111111111111 8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.956 Q 77 x  
MIN=  8.829 0 21.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.195 0 108 x  
MIM=  8.023 Q 22.5 x  
Figure S.18. Ensembled plot for right shoulder medio-lateral displacement. 421 
1 
R_SHOULDER  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME 41 VALUE)  
MAX= 15.491 P 100  MIN= 11.827 9 83.5  MAX=  1.851 8 87.5  MIN=  0.002 e 7  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  3.434 8 12  MIN=  2.979 8 86  MAX=  8.891 8 25.5  MIN= -1.828 0 188  
R_SHOULDER  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  5.531 8 7  MIN=  4.653 8 84.5  MAX=  1.289 0 88  MIN= -8.943 a 108  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME d UALUE)  
MAX=  2.116 0 188  MIN=  1.456 GI 74.5  MAX=  2.728 P 86.5  MIN= -8.686 GI 72.5  
Figure S.19. Continuous statistical plot for right shoulder antero-posterior displacement. 422 
NORMALIZED TIME  R_SHOULDER  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.816 @ 188 x  
MIN=  8.643 @ 8Z x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.159 @ 87.5 x  
MIN=  8.133 9 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.641 9 188 x  
MIN=  8.461 @ 79.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.129 @ 93 x  
MIN=  0.114 @ 64 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.546 @ 108 x  
MIN=  0.384 @ 85 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.101 @ 94 x  
MIN=  8.092 9 188 x  
NORMALIZED TIME & VALUE  R_SHOULDER  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.884 @ 180 x  
MIN=  8.898 9 82 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.248 @ 188 z  
MIN=  8.896 @ 96 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.964 9 188 x  
MIN=  8.066 @ 79.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.154 @ 18.5 z  
MIN=  8.059 0 99.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.958 @ 100 x  
MIN=  8.836 9 84.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.127 9 25 x  
MIN=  0.829 9 79.5 x  
Figure S.20. Ensembled plot for right shoulder antero-posterior displacement. 43 
R_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  1.939 EP 8.5  MIN=  8.533 a 64  MAX=  1.813 P 46  MIN=  8.882 P 59.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.199 P 2  MIN=  8.712 P 63  MAX=  8.923 8 46.5  MIN= -8.846  96  
R_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  1.921 fi 18  MIM=  8.967 13 65  MAX=  1.362 P 46  MIN= -0.993 1-1 78.5  
I-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME d VALUE)  
MAX=  8.825 9 14  HIM=  8.216 El 75.5  MAX=  8.758  17.5  MIN= -1.118 @ 74  
Figure S.21. Continuous statistical plot for right shoulder vertical displacement. 424 
NORMALIZED TIME  R_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.391 8 71.5 z  
MIN=  1.173 9 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.075 0 41.5  
MIN=  8.851 0 94 v.  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.368 0 69.5 v.  
MIN=  1.148 g 180  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.066 g 47.5  
MIN=  8.834 8 94.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.363 8 70.5 z  
MIN=  1.137 8 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.865 8 45.5 z  
MIN=  8.842 g 91.5 x  
NORMALIZED TIME a VALUE  R_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.975 g 7Z x  
MIN=  8.821 9 188  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.143 g 98 x  
MIN=  8.828 9 78.5  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.973 9 78 z  
MIN=  8.812 0 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.121 9 19 x  
MIN=  8.828 g 68 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.983 8 71.5 z  
MIN=  8.017 0 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.138 g 14  
MIN=  8.815 g 72.5 z  
Figure S.22. Ensembled plot for right shoulder vertical displacement. 425 
R_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 58.767 0 89  MIN= 21.819 0 55  MAX=  5.569 0 .5  MIN=  8.001 a 92.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  6.628  89.5  MIN=  3.942 0 65  MAX=  2.875 0 .5  MIN= -1.156 8 74.5  
,T111f 
R_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX= 18.394 0 89.5  MIN=  6.274 0 68.5  MAX=  2.604 0 .5  MIN= -1.635 8 75  
, .  . 
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  4.299 0 86  MIN=  2.365 0 45.5  MAX=  8.765 0 188  MIN= -1.278 8 75.5  
Figure S.23. Continuous statistical plot for right shoulder resultant displacement. 426 
NORMALIZED TIME  R_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.88Z Q 76 x  
MIN=  1.929 8 17.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.108 V 108 x  
MIN=  0.059 0 89 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.938 0 75.5 z  
MIN=  1.748 g 13.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.883 g 49.5 z  
MIN=  0.049 g 87.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.858 g 75.5 z  
MIN=  1.657 g 1Z.5  
RANGE OF CONFIDENCE INTERVALS  
£#  MAX=  0.8BZ g 45.5 z  
MIN=  8.858 g 88.5 z  
NORMALIZED TIME & VALUE  R_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.938 g 75.5 z  
MIN=  8.123 g 18 x  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  0.232 g Z8 x  
MIN=  8.895 P 75 x  
3 IRON  i.s.....111111111=1111111=111.1111111111111111111111.11111111111T1.011 
RANGE OF MEAN VALUES  
MAX=  8.964 g 75 z  
MIN=  0.046 g 14 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.191 g 94 z  
MIN=  8.829 g 75.5 z  
..arr.111111111110111111111111M111111109111110111111111 8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.978 g 75.5 x  
MIN=  8.868 Q 13 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.165 Q 92.5 z  
MIN=  8.819 g 74.5 z  
Figure S.24. Ensembled plot for right shoulder vertical displacement. 427 
R_ELBOW  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME *I VALUE)  
MAX= 56.337 P 35.5  MIN=  7.833 P 100  MAX=  2.587 P 87.5  MIN=  8.083 8 3.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  6.967  35.5  MIN=  2.023 8 108  MAX=  1.888 0 89.5  MIN= -1.080 W 108  
R ELBOW  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX= 10.572 lit 31  MIN=  3.586 8 180  MAX=  2.158 0 88.5  MIN= -1.851 a 98  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  4.328  84  MIN=  2.345 I? 188  MAX=  1.136 8 78  MIN= -1.816 B 31  
Figure S.25. Continuous statistical plot for right elbow medio-lateral displacement. 428 
NORMALIZED TIME  R_ELBOW  MEDIU-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.430 0 100 x  
MIN=  1.178 0 41 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.145 0 100 x  
MIN=  8.846 @ 28.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.328 0 188 x  
MIN=  1.819 @ 41 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.878 @ 188 x  
MIN=  0.842 @ 85 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.258 @ 100 z  
MIN=  8.942 @ 43 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.865 @ 62 x  
MIN=  8.047 0 29 x  
NORMALIZED TIME a VALUE  R_ELBOW  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD   MIL  
RANGE OF MEAN VALUES  
MAX=  8.923 FP 108 z  
MIN=  8.129 @ 48 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.253 @ 108 z  
MIN=  8.869 0 94 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 @ 188 z  
MIN=  8.838 0 40.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.158 @ 76.5 x  
MIN=  0.888 @ 100 z  
111111111111111  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.800 @ 108 x  
MIN=  8.845 0 43 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.143 0 7 x  
MIN=  8.888 P 100 x  
Figure S.26. Ensembled plot for right elbow medio-lateral displacement. 429 
R_ELBOW  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 17.50Z @ 97.5  MIN=  9.469 9 84  MAX=  1.734 @ 53.5  MIN=  8.887 V 92  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  3.686 @ 97.5  MIN=  2.718 @ 82.5  MAX=  1.458 @ 51.5  MIN= -8.916 @ lee  
11  I  f f  
R_ELBOW  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & UALUE)  
MAX=  5.814 @ 97.5  MIN=  3.796 @ 83  MAX=  1.285 @ 54  MIN= -1.261 @ 188  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.111 0 188  MIN=  1.512 9 85.5  MAX=  8.176 @ 95  MIN= -1.271 9 71.5  
Figure S.27. Continuous statistical plot for right elbow antero-posterior displacement. 430 
NORMALIZED TIME  R_ELBOW  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.815 @ 100 x  
MIN=  0.494 0 73 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.211 @ 82 x  
MIN=  0.139 @ 97.5 x  
3 IRON  
RANGE OF MEAN UALUES  
MAX=  8.614 @ 100 x  
MIN=  9.Z90 @ 71 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.135 I? 15 x  
I MIN=  0.180 @ 69.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.514 0 180 x  
MIN=  0.224 @ 71 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.112 P Z0 x  
MIN=  0.088 P 77 x   11111  11 
NORMALIZED TIME d VALUE  R_ELBOW  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  mAIMMIMMIMMIL.  11111611111M  
.0%  
RANGE OF MEAN VALUES  
MAX=  0.888 @ 188 x  
MIN=  0.090 0 73 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.248 V 100 x  
MIN=  0.049 @ 94 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.959 @ 100 x  
MIN=  0.008 @ 78.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.123 0 38.5 x  
MIN=  0.808 @ 71 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.983 0 108 x  
MIN=  8.814 @ 70.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.123 @ 29 x  
MIN=  8.013 @ 72 x  
Figure S.28. Ensembled plot for right elbow antero-posterior displacement. 431 
R_ELBOW  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME It VALUE)  
MAX=  6.837 P 100  MIN=  8.738 P 90.5  MAX=  1.932 8 100  MIN=  0.019 8 83  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  2.782 8 188  MIN=  8.594 8 88.5  MAX=  1.765  180  MIN= -1.344 8 73  
R_ELBOW  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  1-1 VS 8 (NORMALIZED TIME  VALUE)  
MAX=  3.181 8 188  MIN=  1.243 8 91  MAX=  1.465 8 108  MIN= -1.963 8 94  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME d VALUE)  
MAX=  1.232 0 22.5 MM. 0.040 B 94  MAX=  1.113 P 22.5  MIN= -1.147 0 94.5  
Figure S.29. Continuous statistical plot for right elbow vertical displacement. 432 
NORMALIZED TIME  R_ELBOW  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.376 @ 73 x  
MIN=  8.934 @ 5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.889 @ 86.5 x  
MIN=  8.847 @ .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.353 @ 72.5 z  
MIN=  8.892 @ 2 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.878 @ 86 x  
MIN=  0.034 @ 94.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.324 0 72.5 z  
MIN=  0.879 0 7 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.866 0 68.5 z  
MIN=  8.832 0 93 x  
NORMALIZED TIME d VALUE  R_ELBOW  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  ...11111111111.11111  41111116 '-
RANGE OF MEAN VALUES  
MAX=  8.984 0 73 x  
MIN=  8.838 0 5.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.175 0 87.5 z  
MIN=  8.816 @ 74 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.992 @ 72.5 x  
MIN=  0.025 0 1.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.154 0 87.5 z  
MIN=  0.007 V 73 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.988 0 72.5 x  
MIN=  0.827 0 7 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.119 0 87 z  
MIN=  0.014 0 72.5 z  
Figure S.30. Ensembled plot for right elbow vertical displacement. 433 
R_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 65.268 I/ 89.5  MIN= 23.533 P 57.5  MAX=  6.192 P 72  MIN=  0.088 8 87.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  7.143  89.5  MIN=  4.021 P 100  MAX=  1.854 P 17  MIN= -2.168 9 73  
1  IIT  
R_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a UALUE)  
MAX= 10.814 EP 89.5  MIN=  6.357 P 56  MAX=  3.039 P 19.5  MIM= -3.853 8 72.5  
=111 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  4.233 8 87 MIN=  2.509 P 55  MAX=  0.765 P 26  MIN= -1.638 El 68.5  
Figure S.31. Continuous statistical plot for right elbow resultant displacement. 434 
NORMALIZED TIME  R_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.922 P 74 x  
MIN=  1.729 @ 32 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.135 @ 188 z  
MIN=  0.866 @ 98 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.764 @ 73.5 x  
MIN=  1.537 0 30.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.078 @ 18.5 x  
MIN=  0.058 @ 88.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.673 @ 73.5 z  
MIN=  1.447 0 29 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.078 @ 53.5 z  
MIN=  0.045 P 89 x  
NORMALIZED TIME & VALUE  R_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.865 @ 108 z  
MIN=  8.897 @ 33.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.281 13 85.5 z  
MIN=  8.104 V 94 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.927 @ 73.5 x  
MIN=  0.042 @ 31 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.218 @ 84.5 x  
MIN=  0.877 P 35.5 x  
II It  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.968 @ 73 x  
MIN=  0.026 @ 29.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.201 @ 85.5 x  
MIN=  0.023 P 29 z  
Figure S.32. Ensembled plot for right elbow resultant displacement. 435 
R_WRIST  MEDIO-LATERAL  LINEAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME do VALUE) 
MAX= 42.547 Q 88  MIN=  5.497 P 100  MAX=  1.730 P 61  MIM=  0.241  94 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  5.646 P 89  MIN=  1.679 W 100  MAX=  1.211  98.5  MIM= -1.178  .5  
JW  
11,71111T 
R_WRIST  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  8.865 Q 86  MIN=  2.865 P 188  MAX=  1.746 P 63  MIM= -1.589  11.5  
1-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME i1 VALUE)  
MAX=  4.276 P 87.5  MIN=  1.724 0 23.5  MAX=  1.423 0 68  MIM= -0.915 0 13.5  
Figure S.33. Continuous statistical plot for right wrist medio-lateral displacement. 436 
NORMALIZED TIME  R_WRIST  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.629 0 100  
MIN=  8.957 0 45 */.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.233 0 100 x  
MIN=  8.867 9 23 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.582 a 180  
MIN=  8.775 0 45  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.893 0 95.5 x  
MIN=  0.042 0 88.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.417 8 188  
MIN=  8.701 8 46 v.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.886 P 66.5 z  
MIN=  8.041 P 38.5 x  
NORMALIZED TIME A VALUE  R_WRIST  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.923 0 108 v.  
MIN=  8.898 0 45 v.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.253 P 108  
MIN=  8.862 P 95.5  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 9 188 x  
MIN=  0.013 P 45 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.118 fil 83.5 z  
MIN=  0.888 0 108 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 0 188  
MIN=  0.809 P 46  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.119 9 79.5 z  
MIN=  8.808 8 188  
Figure S.34. Ensembled plot for right wrist medio-lateral displacement. 437 
R_WRIST  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 17.729 0 .5  MIN=  7.848 P 88.5  MAX=  3.971 8 93  MIN=  8.845 8 31  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  3.534 0 .5  MIN=  2.387 8 98.5  MAX=  1.183 P 71  MIN= -1.714 8 93  
T 
R_WRIST  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  5.953 8 3.5  MIN=  3.826 a 87.5  MAX=  1.493 8 7.5  MIN= -2.543 W 92.5  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX= 2.382 0 98.5 MIN=  1.326 P 85  MAX=  1.212  97.5  MIN= -1.484 P 59  
Figure S.35. Continuous statistical plot for right wrist antero-posterior displacement. 438 
NORMALIZED TIME  R_WRIST  ANTERO-POSTERIOR  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.909 0 97.5 z  
MIN=  8.567 a 59.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.168 8 91.5 z  
MIN=  8.136 Q 32 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.728 0 96.5 z  
MIN=  0.482 8 6Z x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.143 a 9Z x  
MIN=  0.088 0 65 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.599 8 96 x  
MIN=  0.348 0 64.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.116 0 99.5 x  
MIN=  8.068 W 61 x  
LINEAR DISPLACEMENT  
NORMALIZED TIME 8 VALUE  R_WRIST  AMTERO-POSTERIOR  LINEAR DISPLACEMENT 
1 WOOD  031116 
RANGE OF MEAN VALUES 
MAX=  8.910 9 97.5 x 
MIN=  0.109 0 68 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  0.250 0 97 x 
MIN=  0.14Z a 29.5 z 
3 IRON 
RANGE OF MEAN VALUES 
MAX=  8.988 0 96.5 x 
MIN=  8.040  62 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.154 0 34 x 
MIN=  8.819 0 96.5 z 
8 IRON 
RANGE OF MEAN VALUES 
MAX=  8.982 Q 96 z 
MIN=  0.859 0 65.5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.281 0 38.5 z 
MIN=  8.021 a 95.5 z 
Figure S.36. Ensembled plot for right wrist antero-posterior displacement. 439 
R_WRIST  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= Z1.694 Q 180  MIM=  1.229 8 57  MAX=  6.389 @ 188  MIM=  8.800 @ 59  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  4.124 0 180  MIN=  8.591 @ 98  MAX=  2.Z99 R 188  MIM= -1.117 fig  16  
11111111111111111 
R_WRIST  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  5.839 @ 188  MIM=  1.551 a 57  MAX=  3.ZZ5 0 108  MIM= -8.468 @ 7.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.861 @ 97.5  MIN=  8.825 @ 59  MAX=  2.823 @ 16.5  MIM= -1.4% @ 4.5  
Figure S.37. Continuous statistical plot for right wrist vertical displacement. 440 
NORMALIZED TIME  R_WRIST  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.605 0 73 x  
MIN=  8.782 8 18 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.1ZZ 8 89.5 z  
MIN=  0.038 0 12.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.575 a 74 x  
MIN=  8.655 8 6.5 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.117 g 89.5 x  
MIN=  0.028 8 98 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.539 8 74 z  
MIN=  8.638 8 11.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.898 Q 53.5 z  
MIN=  8.823 9 .5 x  
NORMALIZED TIME A VALUE  R_WRIST  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.995 g 73.5 x  
MIN=  8.883 8 18 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.138 g 90 x  
MIN=  8.883 0 8 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.994 0 74 x  
MIN=  0.002 8 6.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.121 0 98 x  
MIN=  8.883 9 3.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.993 8 74 x  
MIN=  8.883 8 12 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.107 a 89.5 z  
MIN=  0.082 8 12 x  
Figure S.38. Ensembled plot for right wrist vertical displacement. 441 
R_WRIST  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 56.988 Q 93.5  MIN= 12.859 Q 5Z  MAX=  5.705 0 23.5  MIN=  0.007 0 87  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME iI VALUE)  
MAX=  6.313 8 24.5  MIN=  3.829 P 51  MAX=  2.552 @ 23  MIN= -1.998 0 75  
.1T   f  7  1 T  
R_WRIST  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX= 10.296 CO 24  MIN=  4.516 9 58  MAX=  3.173 Q 22  MIN= -2.Z17 9 75  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  4.524 @ 98  MIN=  2.872 8 56  MAX=  0.983 @ 188  MIN= -8.719 El 58.5  
Figure S.39. Continuous statistical plot for right wrist resultant displacement. 442 
NORMALIZED TIME  R_WRIST  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.106 0 74.5 z  
MIN=  1.558 0 34.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.281 0 100 x  
MIN=  8.855 0 78.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.953 0 74.5 x  
MIN=  1.349 0 33 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.896 0 87 x  
MIN=  0.059 0 35.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.847 0 74.5 x  
MIN=  1.251 0 33 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.182 0 58.5 x  
MIN=  8.847 0 34 x  
NORMALIZED TIME d VALUE  R_WRIST  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.934 0 74.5 x  
MIN=  8.869 0 35 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.243 0 100 x  
MIN=  8.875 0 74.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.981 0 74.5 x  
MIN=  8.017 0 33.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.152 0 87.5 x  
MIN=  8.019 0 33 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.986 0 74.5 x  
MIN=  8.013 0 33 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.129 0 88 x  
MIN=  8.015 0 33 x  
Figure S.40. Ensembled plot for right wrist resultant displacement. 443 
R_HIP  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 18.133 P 26.5  MIN=  8.991 CO 100  MAX=  1.540 P 13  MIN=  8.158 8 81.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  3.447 0 18.5  MIN=  1.869 8 100  MAX=  1.298 8 9.5  MIN= -1.018 P 108  
R_Hii  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  5.685 8 Z2.5  MIN=  3.682 & 188  MAX=  1.313 8 14  MIN= -1.128 a 91  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  3.681 P 100  MIN=  2.264 P 70.5  MAX=  1.883 P 29.5  MIN= -1.821 8 59.  
Figure S.41. Continuous statistical plot for right hip medio-lateral displacement. NORMALIZED TIME  R_HIP  MEDIO-LATERAL  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.467 9 188 z  
MIN=  1.328 9 49 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.176 9 188 z  
MIN=  8.184 0 33 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.368 9 188 x  
MIM=  1.188 9 28 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.879 9 84.5 z  
MIN=  0.067 9 99 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.259 9 100 z  
MIN=  1.112 9 26.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.873 9 81 x  
MIM=  0.068 9 93.5 z  
NORMALIZED TIME d VALUE  R_HIP  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.92Z 9 188 z  
MIN=  8.122 9 49 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 9 188 z  
MIM=  8.887 9 91.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 9 188 x  
MIN=  0.056 9 21 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.145 9 91.5 x  
MIN=  8.080 0 188 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 9 1813  
MIN=  0.041 9 25  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.150 0 88 x  
MIN=  8.800 9 188 z  
MEDIO-LATERAL  LINEAR DISPLACEMENT  
...  razwa 
gegnr41,,,, 
Figure S.42. Ensembled plot for right hip medio-lateral displacement. 
LINEAR DISPLACEMENT  445 
R_HIP  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 20.614 P 108  MIN= 12.753 V 58.5  MAX=  1.608 P 29.5  MIN=  0.017 8 95  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a UALUE)  
MAX=  3.859 0 lee  MIN=  3.017 0 72.5  MAX=  1.544 0 26  MIN= -1.888 6 108  
R_HIP  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME X VALUE)  
MAX=  6.061 0 108  MIN=  4.638 0 58.5  MAX=  1.165 0 48.5  MIN= -1.000 0 188  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  2.485 0 188  MIN=  1.772 P 23.5  MAX=  1.272 P 73  MIN= -1.892 8 27.5  
Figure S.43. Continuous statistical plot for right hip antero-posterior displacement. 446 
NORMALIZED TIME  R_HIP  AMTERO-POSTERIOR  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.784 P 108 z  
MIN=  8.546 g 65.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.283 EP 53.5 x  
MIN=  0.146 P 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.49Z g 188 x  
MIN=  8.318 g 38.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.133 P 49 %  
MIN=  8.188 a 100 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.382 g 100 z  
MIN=  0.223 g 49 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.187 g 55 z  
MIM=  0.093 g 95 z  
LINEAR DISPLACEMENT  
ANTE0-rUSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.923 g 100 x  
MIN=  8.187 g 65 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 g 100 z  
MIN=  8.883 P 92.5 %  
NORMALIZED TIME a VALUE  R_HIP  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 P 188 %  
MIN=  0.029 g 37.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.188 g 92.5 z  
MIN=  8.000 g 180 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.81313 g 188 x  
MIN=  0.042 P 49.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.132 g .5 x  
MIN=  8.008 g 100 x  
Figure S.44. Ensembled plot for right hip antero-posterior displacement. 447 
R_HIP  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME 8 VALUE)  
MAX=  2.727 0 100  MIN=  0.567 0  .5  MAX=  2.753 0 100  MIM=  8.823 0 56.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 VALUE)  
MAX=  2.845 @ 188  MIM=  6.867 0 .5  MAX=  2.646 0 188  MIM= -1.181 8 34.5  
R_HIP  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME 8 VALUE)  
MAX=  1.875 0 188  MIM=  0.965 0 .5  MAX=  0.799 0 100  MIM= -0.919 a 88  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  8.466 0 67  MIM= -0.319 D 180  MAX=  1.258 0 66.5  MIN= -1.479 0 108  
Figure S.45. Continuous statistical plot for right hip vertical displacement. 448 
NORMALIZED TIME  R_HIP  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.819 U 63 v.  
MIN=  0.773 U 91.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.851 U 52.5 x  
MIM=  0.04Z U 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.796 U 66 x  
MIN=  8.747 8 94 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.046 U 6.5 v.  
MIN=  8.848 U 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.788 U 57 x  
MIM=  0.751 U 93.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.847 U .5 x  
MIN=  8.834 8 81.5 x  
NORMALIZED TIME & VALUE  RHIP VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.894 a 63 x  
MIN=  8.131 U 91 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.332 U 188 v.  
MIN=  8.897 I? 89.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.918 U 66 x  
MIN=  8.865 8 94 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.Z313 8 10 x  
MIN=  0.06Z 8 94 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.863 U 57.5 x  
MIN=  8.131 8 92.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.370 U 188 x  
MIN=  0.090 8 98 x  
Figure S.46. Ensembled plot for right hip vertical displacement. 449 
R_HIP  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX= 40.132 9 .5  MIN= 27.154 9 100  MAX=  1.768 8 12  MIM=  6.138 9 81  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  5.797  .5  MIN=  3.965 9 100  MAX=  1.452  8.5  MIM= -1.8ee P 188  
R_HIP  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  8.968 9 .5  MIM=  6.672 a 100  MAX=  1.307 9 14.5  MIN= -1.898 9 188  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  3.925 9 188  MIN=  2.513 P 83  MAX=  1.161  29  MIM= -1.240 9 59  
..  .... 
.'  ...  . 
Figure S.47. Continuous statistical plot for right hip resultant displacement. 450 
NORMALIZED TIME  R_HIP  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.821 (0 100 z  
MIN=  1.658 e Z9.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.134 Q 188 x  
MIN=  0.078 Q .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.636 9 188 x  
MIN=  1.468 8 28 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.885 0 85.5 x  
MIN=  8.874 P 99 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.523 8 180 x  
MIN=  1.383 P 25.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.872 0 82 x  
MIN=  0.059 8 188 z  
NORMALIZED TIME d VALUE  R_HIP  RESUlTAMT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.923 0 100 z  
MIN=  8.183 a 38.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 a 100 z  
MIN=  8.871 a 9Z.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 0 188 x  
MIN=  8.836 8 20.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.121 0 89.5 x  
MIN=  8.000 0 188 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.8138 Q 188 x  
MIN=  8.826 0 Z5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.897 N 87.5 z  
MIN=  8.088 0 108 z  
Figure S.48. Ensembled plot for right hip resultant displacement. 451 
R_XMEE  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 22.903 GI 68  MIN=  8.837 Ei 108  MAX=  2.432 P 5.5  MIN=  8.045 0 92.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  4.424 0 72.5  MIN=  2.018 0 180  MAX=  1.833 0 4.5  MIN= -8.9% 0 188  
T  11171711  
R_XNEE  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  6.418 0 69.5  MIN=  3.508 0 108  MAX=  1.596 0 2.5  MIN= -1.888 0 188  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.744 8 lee  MIN=  1.981 0 7  MAX=  1.576 P 48.5  MIN= -1.808 0 tee  
Figure S.49. Continuous statistical plot for right knee medio-lateral displacement. 452 
NORMALIZED TIME  R_KNEE  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.416  188  
MIN=  1.256 P 67.5 v.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.154 P 188 x  
MIN=  8.073 P 71.5  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.313 P 188 v.  
MIN=  1.138 P 68 v.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.878 P .5  
MIN=  8.868 P 65.5  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.241 P 100 7.  
MIN=  1.878 P 64 x.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.867 P 92.5  
MIN=  8.856 P 188  
NORMALIZED TIME d VALUE  R_KNEE  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.923 P 188 x.  
MIN=  0.092 P 67  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 P 188 x.  
MIN=  8.854 EP 91.5  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 P 188  
MIN=  8.830 P 67.5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.128 P 87  
MIN=  8.881 P 188 */.  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 P 108  
MIM=  8.828 P 64 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.181 P 92 /.  
MIM=  8.888 P 188 x.  
Figure S.50. Ensembled plot for right knee medio-lateral displacement. 453 
R_KNEE  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME d VALUE)  
MAX= 16.435 II 188  MIN= 18.368 P 68  MAX=  1.899 P 26.5  MIM=  0.884 Q 88.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 VALUE)  
MAX=  3.518 8 tee  MIN=  2.727 P 69.5  MAX=  1.393 D 24.5  MIN= -8.954  98  
7 1  
R_KNEE  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME tt VALUE)  
MAX=  5.558 8 188  MIN=  4.297 8 78.5  MAX=  8.773 8 38  MIM= -1.132 8 97.5  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.851 8 97.5 MIN=  1.688 8 82.5  MAX=  8.829 8 93  MIM= -1.245 8 99.5  
Figure S.51. Continuous statistical plot for right knee antero-posterior displacement. 454 
NORMALIZED TIME  R_KNEE  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.721 g 100 x  
MIN=  8.616 0 66.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.192 g 77 x  
MIN=  8.144 @ 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.523 0 188  
MIN=  0.419 g 39 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 g 82.5 x  
MIN=  8.118 @ 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.432 0 180 x  
MIN=  0.326 g 45 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.114 0 64 x  
MIN=  0.093 @ 5.5 z  
NORMALIZED TIME A VALUE  R_XNEE  ANTERO-POSTERIOR  LINEAR DISPLACEMENT 
1 WOOD  111111101111110111M 
RANGE OF MEAN VALUES 
MAX=  0.985 g 188 x 
MIN=  8.138 0 67.5 z 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.249 0 188 x 
MIN=  8.171 0 .5 x 
3 IRON  ---111111111111111110.11111111011.11rorI 
RANGE OF MEAN VALUES 
MAX=  0.953 g 188 x 
MIN=  0.070 g 36 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  0.287 g .5 x 
MIN=  0.051 g 99.5 z 
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.982 0 188 x  
MIN=  8.893 g 41 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.178 g .5 x  
MIN=  0.827 0 99.5 x  
Figure S.52. Ensembled plot for right knee antero-posterior displacement. 455 
R_KNEE  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  5.945 Q 188  MIN=  8.567 W .5  MAX=  3.717 Q 100  MIM=  8.888 0 49.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.488 Q 188  MIN=  8.462 g 93.5  MAX=  1.828 8 188  MIM= -2.161 @ 67.5  
RIME VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  3.Z97 Q 188  MIN=  8.834 g .5  MAX=  2.424 Q 108  MIM= -1.781 Q 3.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.188 Q 100  MIN= -8.128 P .5  MAX=  1.263 g 68.5  MIM= -2.825 8 8  
Figure S.53. Continuous statistical plot for right knee vertical displacement. 456 
NORMALIZED TIME  R_XNEE  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.473 V 57.5 z  
MIN=  8.447 0 95.5 >  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.840 0 .5 x  
MIN=  8.832 Q 87 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.458 Q 67  
MIN=  0.435 V 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.835 0 .5 x  
MIN=  8.826 0 100 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.449 8 62 z  
MIN=  8.414 8 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.836 8 .5  
MIN=  8.821 0 188 x  
NORMALIZED TIME a VALUE  R_KNEE  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.838 B 58 x  
MIN=  8.288 0 95  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.384 8 100 z  
MIN=  8.144 0 65 x  
_____11111111111111111111111111111111111111111111671111111111111== 3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.912 9 65.5  
MIN=  0.248 8 98 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.371 a .5 x  
min=  0.106 l 67  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.845 0 63  
MIN=  8.163 0 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.295 8 188  
MIN=  0.080 P 97 x  
Figure S.54. Ensembled plot for right knee vertical displacement. 457 
R_XNEE  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME A VALUE)  
MAX= 33.621 P 18.5  MIN= 22.264 P 188  MAX=  2.826 P 7  MIN=  0.86Z P 91.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  5.335 P 11  MIN=  3.722 El 188  MAX=  2.119 P 5  MIN= -1.888 g 188  
R_XNEE  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME A VALUE)  
MAX=  8.156 Q 7.5  MIN=  6.086 g 100  MAX=  1.348 P 39  MIN= -1.888 g 100  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  3.214 0 188  MIN=  2.214 P 84.5  MAX=  8.911 g 46  MIN= -1.389 8 18.5  
Figure S.55. Continuous statistical plot for right knee resultant displacement. 458 
NORMALIZED TIME  R_KNEE  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.662 0 180 z  
MIN=  1.489 0 67.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.136 g 188 z  
MIN=  8.888 0 78.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.484 0 188 z  
MIN=  1.297 0 68 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.897 0 86.5 x  
MIN=  8.888 0 180 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.381 0 188 z  
MIN=  1.212 0 64.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.881 0 84.5 x  
MIN=  8.868 P 100 x  
NORMALIZED TIME & VALUE  R_XNEE  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.923 0 108 z  
MIN=  8.884 0 68 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 g 188 z  
MIN=  8.865 g 91 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 g 188 z  
MIN=  8.026 0 68 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.125 0 86.5 z  
MIN=  8.880 0 108 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 P 188 z  
MIN=  8.823 V 64.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.186 0 89 x  
MIN=  0.800 0 100 x  
Figure S.56. Ensembled plot for right knee resultant displacement. 459 
L_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 20.268 8 68  MIN=  2.864 P 4.5  MAX=  2.283 0 82  MIN=  8.885 Q 89.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  3.881 0 78.5  MIN=  8.985 Q 188  MAX=  1.391 P 82  MIN= -1.181 Q 188  
L_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME d VALUE)  
MAX=  6.174 Q 69  MIN=  2.871 Li 3.5  MAX=  1.757 Q 82.5  MIN= -1.529 Q 14  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  2.856 FP 99.5  HIM=  1.939 Q 44.5  MAX=  1.822 Q 65  MIM= -1.168 Q 11.5  
Figure S.57. Continuous statistical plot for left shoulder medio-lateral displacement. 460 
NORMALIZED TIME  L_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.559 9 .5 x  
MIN=  1.283 9 68.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.231 V 97 x  
MIN=  8.869 9 71 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.485 9 98.5 x  
MIN=  1.175 V 69 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.881 9 8 x  
MIN=  8.861 0 99.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.413 0 .5 x  
MIN=  1.103 0 67.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.892 0 87 x  
MIN=  8.064 9 64 x  
NORMALIZED TIME d VALUE  L_SHOULDER  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.870 9 97 x  
MIN=  8.891 9 68 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.246 9 71 x  
MIN=  8.898 9 36 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.928 9 99 x  
MIN=  8.815 9 69 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.111 9 28 z  
MIN=  8.818 9 67 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.965 9 .5 x  
MIN=  8.811 9 67.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.128 9 86.5 x  
MIN=  8.814 9 67.5 x  
Figure S.58. Ensembled plot for left shoulder medio-lateral displacement. 461 
LSHOULDER AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)   F (NORMALIZED TIME A VALUE)  
MAX= 13.991 0 96.5  MIN=  9.392 @ 61.5  MAX=  2.288 @ 1.5  MIN=  8.159 @ 94.5  
T-1 VS 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  3.213 0 188  MIN=  2.589 0 56.5  MAX=  1.657 0 .5  MIN= -1.190 0 88  
L_SHOULDER  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)   T-1 VS 8 (NORMALIZED TIME A UALUE)  
MAX=  5.Z64 @ 96.5  MIN=  4.1Z7 @ 68  MAX=  1.942 @ 5  MIN= -1.742 0 68.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  2.869 0 42.5 MIN=  1.714 0 188  MAX=  1.378 0 42.5  MIN= -1.448 0 64  
Figure S.59. Continuous statistical plot for left shoulder antero-posterior displacement. 462 
MORMALIZED TIME  L_SHOULDER  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.938 @ 49.5 x  
MIN=  8.684 @ 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.165 @ 40.5  
MIN=  8.134 @ 95.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.777 0 51.5 v.  
MIN=  8.581 0 188 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.128 0 4 x  
MIN=  8.185 0 78  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.694 0 83 x  
MIN=  0.4Z2 0 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.184 @ 5  
MIM=  8.877 0 78 x  
NORMALIZED TIME  VALUE  L_SHOULDER  AMTERO-POSTERIOR 
. 
LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.891 0 49 %  
MIN=  8.877 0 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 @ 188 z  
MIN=  8.889 0 95 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.954 0 51.5 v.  
MIM=  8.888 9 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.184 0 4  
N1N=  8.888 0 188 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.965 0 83 x  
MIM=  8.888 0 188 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.126 0  .5 %.  
MIN=  8.888 8 188  
Figure S.60. Ensembled plot for left shoulder antero-posterior displacement. 463 
L_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a UALUE)  
MAX=  6.884 0 79.5  MIN=  2.539 U 9  MAX=  1.371 0 7.5  MIM=  0.888 Q 100  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  2.113  81.5  MIN=  1.580 0 93.5  MAX=  8.158 O 36  MIM= -1.888 0 2  
..  
L_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  3.743 0 79  MIN=  2.854 8 9.5  MAX=  0.834 0 68.5  MIM= -1.645 V 7.5  
1-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME a UALUE)  
MAX=  1.656 8 75  MIN=  8.582 0 12  MAX=  1.612 0 68  MIN= -8.815 0 16  
Figure S.61. Continuous statistical plot for left shoulder vertical displacement. 464 
NORMALIZED TIME  L_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.408 V 100 z  
MIN=  1.196 9 41.5 z  
RAMGE OF CONFIDENCE INTERVALS  
MAX=  0.073 V 108 z  
MIN=  8.044 9 82 *v.  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.358 9 188 z  
MIN=  1.151 9 40.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.856 9 188 v.  
MIN=  8.848 0 83.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.344 9 188 z  
MIN=  1.129 9 42 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.852 9 18.5 z  
MIN=  8.833 9 82 z  
NORMALIZED TIME d VALUE  L_SHOULDER  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.808 9 188 z  
MIN=  8.038 9 41 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.121 9 92 x  
MIN=  8.888 9 100 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 9 188 z  
MIN=  0.036 9 40 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.115 9 91.5 z  
0.000 v 100 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 9 188 z  
MIN=  8.825 9 42 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.116 9 .5 v.  
MIN=  8.000 0 100 z  
Figure S.62. Ensembled plot for left shoulder vertical displacement. 465 
L_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX= 3Z.463 0 76.5  MIN= 11.21Z 0 8  MAX=  3.04Z 0 83.5  MIN=  0.888 9 22.5  
T-1 US 3 (NORMALIZED TIME)  7-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  4.611 8 77  MIN=  2.632 8 9  MAX=  1.581 0 83.5  MIN= -1.768 8 100  
7  
L_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
1-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME a VALUE)  
MAX=  7.846 0 76  MIN=  4.238 e 7.5  MAX=  2.208 0 84  MIN= -1.631 V 188  ,m  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  3.366 Q 79  HIM=  2.374 0 .5  MAX=  1.178  64.5  MIN= -8.284 8 52  
Figure S.63. Continuous statistical plot for left shoulder resultant displacement. 466 
NORMALIZED TIME  L_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.218 P 99 x  
MIN=  2.889 P 64.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.169 I? 92.5 x  
MIN=  8.890 P 75 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  2.878 P 188 x  
MIN=  1.849 P 65.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.088 P 23 x  
MIN=  8.865 8 99 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.987 8 180 x  
MIN=  1.752 8 64.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.884 8 88 x  
MIN=  8.860 8 74 z  
NORMALIZED TIME & VALUE  L_SHOULDER  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.936 8 100 %  
MIN=  8.091 P 63.5 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.240 60  74.5 z  
MIN=  8.865 60  99.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.979 60 188 x  
MIN=  0.026 0 66 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.163 P 28.5 x  
MIN=  0.623 @ 67 v.  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.977 8 188 z  
MIN=  0.815 P 64.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.161 8 38.5 z  
MIN=  8.819 8 64 z  
Figure S.64. Ensembled plot for left shoulder resultant displacement. 467 
L_ELBOW  MEDIO-LATERAL  LINEAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE) 
MAX= 36.768 @ 83  MIN=  Z.663 @ 100  MAX=  Z.3ZZ @ 81  MIN=  0.888 @ .5 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  5.395 @ 41  MIN=  8.859 @ 100  MAX=  1.544 @ 83  MIN= -1.16Z I@ 94.5  
4  
,,,,, 
, :  : 
L_ELBOW  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.663 @ 48  MIN=  1.947 @ 180  MAX=  1.656 @ 79  MIN= -1,96Z @ 93.5  
...----.--
1-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  3.7Z7 @ 78  MIN=  2.181 @ 28.5  MAX=  1.265 @ 76  MIN= -1.878 @ 91.5  
Figure S.65. Continuous statistical plot for left elbow medio-lateral displacement. 468 
NORMALIZED TIME  L_ELBOW  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.608 P 180 x  
MIN=  1.142 P 55.5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.248 P 108 z  
MIN=  0.851 P 39 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.543 P 180 z  
MIN=  1.886 P 55 Y.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.871 P .5 z  
MIM=  8.851 P 49 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.468 P 188 z  
MIN=  8.928 P 58.5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.871 P 96 Y.  
MIN=  8.853 P 41  
NORMALIZED TIME a VALUE  L_ELBOW  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  immommommomr- r-- ...........  
RANGE OF MEAN VALUES  
MAX=  8.923 P 188 z  
MIN=  8.097 P 55.5 Y.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 P 100 z  
MIN=  8.861 P 92.5  
111111111111111111111114 11111.1011101  1111111111 11111111111.11.010......, 3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 P 180 z  
MIM=  8.020 P 55 Y.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.188 0 28  
min=  0.0138 @ 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 0 180 z  
MIN=  8.817 P 58.5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.103 P 29 Y.  
MIN=  8.888 P 188 z  
Figure S.66. Ensembled plot for left elbow medio-lateral displacement. -------------
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L_ELBOW  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME It VALUE)  
MAX= 18.888 P 108  MIN=  9.924 8 85.5  MAX= 19.796 8 98.5  MIN=  8.439 0 93.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & UALOE)  
MAX=  3.956 8 188  MIN=  2.705 B 86  MAX=  4.735 8 98.5  MIN= -2.362 0 88  
T1171, T  
L_ELBOW  ANTERO -POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  6.826 P 188  MIN=  4.481 e 85.5  MAX=  6.216 0 98.5  MIN= -3.889 0 86.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.989 0 30.5  MIN=  1.467 8 64  MAX=  3.066 8 93.5  MIN= -1.728 6 63  
Figure S.67. Continuous statistical plot for left elbow antero-posterior displacement. 470 
NORMALIZED TIME  L_ELBOW  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.898 CP 93.5 x  
MIN=  8.758 g 68 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.164 V 92.5 x  
MIN=  0.123 g 67.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.710 g 92 z  
MIN=  0.577 g 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.135 g 12 z  
MIN=  8.109 g 57 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.620 g 91 z  
MIN=  0.489 g 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.106 @ 13.5 x  
MIN=  8.088 g 58 z  
1,11-77 
NORMALIZED TIME & VALUE  L_ELBOW  ANTERO-POSTERIOR  LINEAR DISPLACEMENT 
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.907 V 93.5 x  
MIN=  8.132 g 68.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.251 g 93 z  
MIN=  8.892 g 98 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.975 g 92 z  
MIN=  0.105 g 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.240 V 11.5 z  
MIN=  0.038 g 9Z.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.946 g 91 x  
MIN=  0.084 g 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.243 g 51 x  
MIN=  8.041 P 93.5 x  
Figure S.68. Ensembled plot for left elbow antero-posterior displacement. 471 
L_ELBOW  VERTICAL  LINEAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME R VALUE) 
MAX= 10.833 P 188  MIN=  Z.2Z5 P 61.5  MAX=  3.995 P 188  MIN=  8.881 0 8 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  3.132 8 188  MIN=  1.889 P 67  MAX=  2.399 0 188  MIN= -1.837 8 72.5  
Y ,  
L_ELBOW  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME B VALUE)  
MAX=  4.337 P 99.5  MIN=  2.189 I? 61  MAX=  2.634 0 188  MIN= -8.863 a 4.5  
1-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.628 0 97  MIN=  8.922 B .5  MAX=  1.587 P 22  MIN= -8.366 P .5  
Figure S.69. Continuous statistical plot for left elbow vertical displacement. 472 
NORMALIZED TIME  L_ELHOW  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.396 0 74 x  
MIN=  8.984 P 28 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.871 P 63.5 x  
MIN=  8.844 0 92.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.363 0 73 x  
MIN=  0.941 0 19 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.075 0 63.5 x  
MIN=  8.038 C 94.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.3Z6 8 73.5 x  
MIN=  0.922 0 19.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.878 P 68.5 x  
MIN=  0.035 Q 8 x  
-.'44»444»44e'  
NORMALIZED TIME d VALUE  L_ELBOW  VERTICAL  LINEAR DISPLACEMENT 
1 WOOD  1111111919191119111rm 
RANGE OF MEAN VALUES  
MAX=  0.988 a 73.5 z  
MIN=  8.011 a ZO x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.148 9 88.5 z  
MIN=  8.089 B 73.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.994 a 73 x  
MIN=  0.011 0 19 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.138 a 89 x  
MIN=  0.005 0 72.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.988 0 73.5 z  
MIN=  8.885 0 28 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.118 8 98 x  
MIN=  8.807 0 21 z  
Figure S.70. Ensembled plot for left elbow vertical displacement. 473 
L_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 81.398 P 85  MIN= 16.997 W 97.5  MAX=  2.543 P 35  MIN=  0.082 g 6.5  
T-1 US 3 (NORMALIZED TIME)  T-1 VS 3 (NORMALIZED TIME & VALUE)  
MAX=  8.222 P 85  MIN=  3.866 W 97.5  MAX=  1.974 0 33  MIN= -1.342 P 74  
L_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX= 12.368 P 84.5  MIN=  4.977 P 97.5  MAX=  1.558 P 35  MIN= -1.494 P 74  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  4.528 P 85.5  MIN=  2.811 8 59.5  MAX=  8.953 0 98.5  MIN= -8.461 8 32.5  
Figure S.71. Continuous statistical plot for left elbow resultant displacement. 474 
NORMALIZED TIME  L_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  Z.134 0 100 x  
MIN=  1.828 0 41.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.172 0 98 x  
MIN=  8.051 0 84 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.968 9 188 z  
MIN=  1.649 9 40 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.083 9 Z1 x  
MIN=  0.849 9 85.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.854 0 108 z  
MIN=  1.553 8 48.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.876 8 61.5 x  
MIN=  0.052 9 84.5 x  
NORMALIZED TIME A VALUE  L_ELBOW  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.932 9 188 z  
MIN=  8.864 e 42.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.231 V 98 x  
MIN=  8.898 V 98.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 V 188 z  
MIN=  0.017 V 40 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.133 a 68 x  
MIN=  8.880 9 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 V 188 x  
MIN=  0.015 0 40.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.128 V 21.5 x  
MIN=  8.000 W 188 z  
Figure S.72. Ensembled plot for left elbow resultant displacement. 475 
L_WRIST  MEDIO-LATERAL  LINEAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE) 
MAX= 46.039 gl 87  MIN=  3.112 P 108  MAX=  2.965 P 73  MIM=  0.864 11 93 
T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  5.335 @ 88.5  MIM=  1.200 P 108  MAX=  1.118 g 54.5  MIN= -1.211 P 97  
T-1 US 3 (NORMALIZED TIME)  
mgrmwmL  
7; 
L_WRIST  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)   T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  8.668 11 85  MIN=  2.124 P 108  MAX=  Z.388 0 73.5  MIM= -1.588 Q 96  
1-3 US 8 (NORMALIZED TIME a VALUE)  1-3 US 8 (NORMALIZED TIME)  
MAX=  1.592 0 7Z.5  MIM= -1.837 0 19.5  MAX=  5.433 8 87  MIN=  1.681 8 25  
,-/I11111111 
Figure S.73. Continuous statistical plot for left wrist medio-lateral displacement. 476 
NORMALIZED TIME  L_WRIST  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.659 8  180  
MIN=  8.969 8 49 */.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.272 8 180 z  
MIN=  8.867 8 26.5  
3 IRON  
RANGE OF MEAN UALUES  
MAX=  1.554 8 108 z  
MIN=  8.794 8 49 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.095 8 94  
MIN=  8.835 8 88  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.477 8 188 z  
MIM=  8.719 8 58 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.879 8 67 x  
MIN=  0.841 8 45.5 z  
NORMALIZED TIME a VALUE  L_WRIST  ME IO-iATERHL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN UALUES  
MAX=  8.923 8 100 z  
MIN=  8.098 8 49  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 8 108 z  
MIN=  8.071 8 95 x  
3 IRON  
RANGE OF MEAN UALUES  
MAX=  1.888 8 108 z  
MIN=  8.815 8 48.5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.185 8 82.5 z  
MIN=  0.080 0 180 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.880 8 108 x  
MIN=  8.814 0 50 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.893 8 79  
MIN=  8.808 8 180 x  
Figure S.74. Ensembled plot for left wrist medio-lateral displacement. 477 
L_WRIST  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME d VALUE)  
MAX= 28.811 @ 188  MIN=  7.487 0 88  MAX=  7.768 8 .5  MIN=  8.841 @ 39.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 UALUE)  
MAX=  3.751 @ 188  MIN=  2.379 0 89.5  MAX=  Z.390 0 .5  MIN= -1.566 0 93  
1  1 T  
L_WRIST  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME A VALUE)  
MAX=  6.241 @ 188  MIN=  3.776 0 87.5  MAX=  4.293 0 .5  MIN= -2.636 @ 91.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME i4 VALUE)  
MAX=  2.591 g 97  MIN=  1.147 g 57  MAX=  2.166 @ 96.5  MIN= -2.336 0 57.5  
Figure S.75. Continuous statistical plot for left wrist antero-posterior displacement. 478 
NORMALIZED TIME  L_WRIST  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  9.943 Q 96 x  
MIN=  8.618 P 59.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.169 P 92.5 z  
MIN=  8.139 P 38.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.765 P 95 x  
MIN=  0.461 8 61 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 8 98 x  
MIN=  8.896 8 66.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.648 P 94.5 x  
MIN=  0.414 8 63.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.118 8 15.5 x  
MIN=  0.072 P 58 x  
NORMALIZED TIME d VALUE LARIST ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.918 V 96 x  
MIN=  8.113 a 59.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.252 V 96 x  
MIN=  8.125 V .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.991 a 95 x  
MIN=  0.043 P 61 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.219 V 15 x  
MIN=  0.809 P 95 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.980 8 94.5 z  
MIM=  0.091 V 64 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.297 8 16.5 z  
MIN=  0.029 W 94.5 z  
Figure S.76. Ensembled plot for left wrist antero-posterior displacement. 479 
L_WRIST  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= Z6.560 11 188  MIN=  1.558 P 46.5  MAX=  9.968 P 188  MIN=  8.815 P 18.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  4.854 8 108  MIN=  0.704 P 89.5  MAX=  3.194 P 188  MIN= -0.923 8 17  
7111111, 
L_WRIST  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  6.5Z2 (1 188  MIN=  1.768 P 47  MAX=  3.921 P 188  MIN= -8.886 V 72.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.448  99.5  MIN=  0.993 8 46.5  MAX=  1.579 P 15.5  MIN= -1.034 61 2.5  
"mmilmmimm...  
Figure S.77. Continuous statistical plot for left wrist vertical displacement. 480 
NORMALIZED TIME  L_WRIST  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.616 0 73.5 x  
MIN=  8.738 8 12 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.126  89.5 x  
MIN=  8.839 8 4 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.577 8 73.5 x  
MIN=  0.694  9z  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  0.112 V 89 x  
MIN=  0.027 @ 12.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.532 0 73.5 z  
MIN=  8.677 8 13 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.184 8 53 x  
MIN=  0.019 0 .5 x  
NORMALIZED TIME & VALUE  L_WRIST  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.992 V 73.5 x  
MIN=  8.884 8 12 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.147 V 90 x  
MIN=  8.005 a 18.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.994 EP 73.5 z  
MIN=  0.004 a 9.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.138 8 89.5 x  
nin=  8.804 a 11 z  
8 IROM  
RANGE OF MEAN VALUES  
MAX=  8.992 a 73.5 x  
MIN=  0.003 8 13 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.112 8 89.5 x  
MIN=  8.883 8  12 x  
Figure S.78. Ensembled plot for left wrist vertical displacement. 481 
L_WRIST  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & UALUE)  
MAX= 52.449 8 28.5  MIN= 14.388 GO 55  MAX=  3.726 8 27  MIN=  8.814 8 47.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  6.323 8 28  MIN=  3.884 8 188  MAX=  2.282 8 25.5  MIN= 1.899 8 75  
L_WRIST  RESULTANT 'LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & UALUE)  
MAX= 18.318 8 Z7  MIN=  4.925 8 54  MAX=  2.397 8 25.5  MIN= 2.883 9 74.5  1M11 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME 8c VALUE)  
MAX=  4.341 P 97.5  MIN=  2.228 0 55.5  MAX=  1.811 0 97  MIN= 8.289 0 57.5  
'''  ''''' ,;;;;;;;.,; 
Figure S.79. Continuous statistical plot for left wrist resultant displacement. 482 
NORMALIZED TIME  L_WRIST  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.096 @ 74.5 x  
MIN=  1.618 @ 37.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.212 @ 168 x  
MIN=  8.859 @ 79 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.934 @ 74.5 %  
MIN=  1.406 @ 36.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.100 V 55.5 z  
MIN=  8.062 0 38 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.822 0 74.5 z  
MIN=  1.310 0 36 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.180 0 59 x  
MIN.  0.052 @ 36.5 z  
NORMALIZED TIME a VALUE  L_WRIST  RESULTANT LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.902 0 100 z  
MIN=  8.869 @ 38.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.258 @ 100 %  
MIN=  8.882 If 23.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.966 @ 74.5 x  
MIN=  8.817 @ 37 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.166 @ 87 %  
MIN=  0.022 @ 36.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.969 0 74.5 z  
MIN=  8.016 @ 36.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.146 0 87 z  
MIN=  8.021 @ 36.5 z  
Figure S.80. Ensembled plot for left wrist resultant displacement. 483 
L_HIP  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a UALUE)  
MAX=  6.066 Q 74  MIN=  2.458 P 180  MAX=  Z.499 P 28  MIN=  0.182 Q 89  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 UALUE)  
MAX=  1.777 P 74  MIN=  8.838 P 108  MAX=  2.189 8 15.5  MIN= -1.853 8 97  
L_HIP  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME a VALUE)  
MAX=  3.841 P 74  MIN=  1.854 8 108  MAX=  1.423 P 30  MIN= -1.169 8 94.5  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  3.305 @ 188  MIN=  2.145 El 9  MAX=  8.763 0 61.5  MIN= -1.138 9 7.5  
Figure S.81. Continuous statistical plot for left hip medio-lateral displacement. 484 
NORMALIZED TIME  L_HIP  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.663 V 188 x  
MIN=  1.466 P 64.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.295 V 188 x  
MIN=  8.169 Q 71 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.586 P 188 x  
MIN=  1.373 I! 65.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.883 V 84.5 x  
MIN=  0.069  65.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.493 8 188 x  
MIN=  1.298 El 62.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.08Z 8 82 x  
MIN=  8.868 0 97.5 x  
NORMALIZED TIME & VALUE  L_HIP  MEDI -LAiERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.923 0 188 x  
MIN=  8.898 0 65 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 V 100 x  
MIN=  0.082 V 98 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 P 108 x  
MIN=  8.818 8 65 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.118 8 85 x  
MIN=  8.888 8 188 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.808 8 188 x  
MIM=  8.814 Q 62.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.158 8 .5 x  
M1M=  8.888 8 180 x  
Figure S.82. Ensembled plot for left hip medio-lateral displacement. 485 
L_HIP  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME A UALUE)  
MAX= 19.424 Q 98  MIN= 12.639 P 100  MAX=  1.284 P 66.5  MIN=  8.167 P 14.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A UALUE)  
MAX=  3.959 @ 91  MIN=  3.275 P 100  MAX=  1.008 8 100  MIN= -1.121 8 69  
L_HIP  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME A VALUE)  
MAX=  5.717 P 87.5  MIN=  4.329 P 188  MAX=  1.164 P 96.5  MIN= -1.13Z 8 62.5  
-'"  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A UALUE)  
MAX=  2.248 @ 90  MIN=  1.649 P 180  MAX=  1.687 8 78  MIN= -1.327 13 61  
Figure S.83. Continuous statistical plot for left hip antero-posterior displacement. 486 
NORMALIZED TIME  L_HIP  AMTERO-POSTERIOR  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.789 0 69.5  
MIN=  8.492 0 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.289 0 188 x  
MIN=  8.145 0 85.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.586 0 78 x  
MIN=  0.258 g 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.138 0 15.5 z  
MIN=  8.097 0 92.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.488 0 69 x  
MIN=  8.180 0 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.113 0 96.5 z  
MIN=  8.898 0 61.5 z  
LINEAR DISPLACEMENT  
NORMALIZED TIME & VALUE  L_HIP  ANTERO-POSTERIOR  LINEAR DISPLACEMENT 
1 WOOD  MOM 
"NI misimmar.11111111111r 
RANGE OF MEAN VALUES 
MAX=  8.912 0 78 x 
MIN=  8.877 0 188 z 
RANGE OF CONFIDENCE INTERVALS 
MAX=  0.253 0 188 x 
MIN=  8.086 @ 94 x 
3 IRON 
RANGE OF MEAN VALUES 
MAX=  8.996 0 78 x 
MIN=  0.000 0 100 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.122 0 .5 x 
MIN=  8.080 0 100 x 
8 IRON 
RANGE OF MEAN VALUES 
MAX=  0.991 0 69 x 
MIN=  0.000 0 108 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.117 0 .5 x 
MIN=  8.808 0 100 z 
Figure S.84. Ensembled plot for .hip antero-posterior displacement. 487 
L_HIP  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  4.959 P 188  MIN=  8.489 P 83  MAX=  5.345 P 78.5  MIN=  8.255 P 97  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & UALUE)  
MAX=  2.556 8 100  MIN=  8.764 P 78.5  MAX=  1.827 0 100  MIN= -4.191 8 78  
.........  
L_HIP  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.679 Q 188  MIN=  8.720 a 28.5  MAX=  1.865 8 100  MIN= -3.838 0 86  
4..  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  8.286 8 74.5  MIN= -8.449 0 94.5  MAX=  1.468 0 75  MIN= -1.185 0 86.5  
Figure S.85. Continuous statistical plot for left hip vertical displacement. 488 
NORMALIZED TIME  L_HIP  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.833 0 180 x  
MIN=  8.758 9 75.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.054 9 96 x  
MIN=  0.044 9 58.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.783 9 .5 x  
MIN=  8.739 0 63.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.848 9 94 x  
MIN=  0.039 g 80 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.784 g .5 x  
MIN=  0.736 g 67 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.051 9 .5 x  
MIN=  0.033 g 81.5 z  
NORMALIZED TIME d VALUE  L_HIP  VERTICAL  LINEAR DISPLACEMENT  
1111111111111111 1 WOOD  MUM Or. 
RANGE OF MEAN VALUES  
MAX=  0.969 9 100 x  
MIN=  8.873 9 68.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.289 9 96 %  
MIN=  8.855 9 73.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.848 9  .5 x  
MIN=  0.123 g 64.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.297 9 95 x  
min=  0.078 @ 78 z  
_111116wroriorumem111111111111=1111J11
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.813 g 180 x  
MIN=  8.077 9 66.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.259 9 188 x  
MIN=  8.091 g 68.5 z  
Figure S.86. Ensembled plot for left hip vertical displacement. 489 
L_HIP  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME d VALUE)  
MAX= 17.139 P 25.5  MIN= 13.225 P 91.5  MAX=  2.235 P 99  MIN=  0.843 0 84  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  3.583 P 19.5  MIN=  2.868 P 94  MAX=  1.626  39  MIN= -1.453 8 99.5  
L_HIP  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  5.395 U Z7.5  MIN=  4.567 U 93  MAX=  1.188 U 76.5  MIN= -1.68Z CO 96  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  3.146  188  MIN=  2.284 P 12  MAX=  8.626 0 63  MIN= -1.888 8 45.5  
Figure S.87. Continuous statistical plot for left hip resultant displacement. 490 
NORMALIZED TIME  L_NIP  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.955 P 100 %  
MIN=  1.807 P 64 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.165 P 94.5 x  
MIN=  8.137 0 24.5 %  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.791 P 100 x  
MIN=  1.643 8 62.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.092 P 83 %  
MIN=  8.073 8 180 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.788 P 188 x  
MIN=  1.548 P 63 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.884 El 80 z  
MIN=  8.868 8 188 x  
NORMALIZED TIME A VALUE  L_NIP  RESULTANT  LINEAR DISPLACEMENT'  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.919 P 100 x  
MIN=  8.074 a 63 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.282 P 95 z  
MIN=  8.132 a 81.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.998 P 180 z  
MIN=  8.827 8 6Z x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 V .5 %  
MIN=  0.806 P 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 8 168 z  
MIN=  8.820 0 62.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.288 8 .5 x  
MIN=  8.888 0 188 z  
Figure S.88. Ensembled plot for left hip resultant displacement. 491 
L_INEE  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  8.877 P 68.5  MIN=  2.872 8 188  MAX=  1.151 8 57.5  MIN=  8.119 0 84  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  2.109 8 68.5  MIN=  1.135 P 188  MAX=  1.258 P 9.5  MIN= -1.873 8 97.5  
L_XNEE  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  3.538 8 78.5  MIN=  2.813 8 188  MAX=  1.126 8 48  MIN=  1.828 0 180  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME a UALUE)  
MAX=  2.818 8 % MIN=  2.254 kl  .5  MAX=  1.366 8 97.5  MIN= -8.741 P 57  
Figure S.89. Continuous statistical plot for left knee medio-lateral displacement. 492 
NORMALIZED TIME  L_KNEE  MEDIO-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.677 P 100 x  
MIN=  1.497 Q 67 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.290 8 100 x  
MIN=  8.167 g 78 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.573 0 188 x  
MIN=  1.379 0 66 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.889 a 86 z  
MIN=  0.875 8 63.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.495 8 100 x  
MIN=  1.384 0 66 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.879 El 82 x  
MIN=  8.863 C 96.5 z  
NORMALIZED TIME a VALUE  L_KNEE  MED1O-LATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.913 a 188 z  
MIN=  0.081 0 67 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.251 Q 180 x  
MIN=  8.116 a .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.988 8 188 x  
MIN=  0.015 P 66 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 0 .5 x  
MIN=  0.019 0 98 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.991 8 180 x  
MIN=  0.019 P 66 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 ki 84.5 z  
MIM=  0.014 0 99.5 z  
Figure S.90. Ensembled plot for left knee medio-lateral displacement. 493 
L_XMEE  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME A VALUE)  
MAX= 18.692 @ 91  MIN= 12.453 @ 34  MAX=  1.591 El 43.5  MIN=  8.842 @ 6.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  3.942 @ 91.5  MIN=  Z.991 @ 43  MAX=  1.275 @ 97.5  MIN= -1.401 @ 47.5  
V 1  T  1 1  
L_RMEE  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME A UALUE)  
MAX=  5.749 @ 98.5  MIN=  4.893 @ 32.5  MAX=  1.847 @ 98.5  MIN= -1.327 @ 36.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  2.885 @ 98.5  MIN=  1.786 P 188  MAX=  1.878 @ 72  MIN= -1.848 Q 62  
Figure S.91. Continuous statistical plot for left knee antero-posterior displacement. 494 
NORMALIZED TIME  L_XNEE  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.783 V 73.5 z  
MIN=  8.567 0 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.178 0 188 x  
MIN=  8.138 0 98 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.595 @ 72 x  
MIN=  0.349 0 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.136 @ 69.5 z  
MIN=  8.181 0 92.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.492 0 72.5 x  
MIN=  0.268 @ 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.115 0 97.5 x  
MIN=  0.101 @ .5 x  
NORMALIZED TIME A VALUE  L_KNEE  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.918 0 73.5 z  
MIN=  8.077 V 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.253 V 100 Y.  
MIN=  8.878 V 94 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.991 V 72.5 x  
MIN=  0.000 0 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.133 I? 9 z  
Min=  0.000 a 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.985 0 73 z  
MIN=  8.888 @ 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.134 0 .5 z  
MIN=  0.801 0 100 x  
ANT RD-POSTERIOR  LaiudCDISPLACEkENT'  
Figure S.92. Ensembled plot for left knee antero-posterior displacement. 495 
L_KNEE  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  4.455 @ 100  MIN=  8.425 @ 63.5  MAX=  4.835 0 6.5  MIN=  8.259 @ 88.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  2.119 @ 188  MIN=  8.785 @ 64  MAX=  1.574 @ 180  MIN= -0.814 @ 61.5  
TTIII  
L_KMEE  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME it VALUE)  
MAX=  2.726 @ 100  MIN=  0.73Z P 6Z  MAX=  2.311 0 100  MIN= -3.283 0 8.5  
,,,,,,, 
1-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  6.566 @ 188  rim= -8.491 l 34.5  MAX=  8.772 @ 188  MIN= -2.532 @ 5.5  
Figure S.93. Continuous statistical plot for left knee vertical displacement. 496 
NORMALIZED TIME  LICHEE  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.470 EP  .5 x  
MIN=  8.419 @ 69.5 x  
RANGE OF CONFIDENCE  INTERVALS  
MAX=  0.049 @ 95.5 x  
MIN=  8.835 @ 51.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.448 0  .5 z  
MIN=  8.406 P 71.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.040 @ 83 z  
MIN=  0.829 @ 31 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.452 @ .5 z  
MIN=  0.408 P 71.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.835 @ .5 x  
MIM=  0.025 @ 180 z  
NORMALIZED TIME & VALUE LIME VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.869 @ .5 x  
MIN=  8.888 @ 78 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.296 @ 108 x  
MIN=  0.106 @ 86 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.857 @ .5 x  
MIN=  0.113 @ 71.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.329 @ 188 x  
MIM=  0.108 @ 75.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.973 @ .5 x  
MIN=  0.142 0 72 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.356 @ 108 x  
MIM=  8.839 @ 6 z  
Figure S.94. Ensembled statistical plot for left knee vertical displacement. 497 
L_KNEE  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX= 16.365 I  .5  MIN= 11.988 0 88.5  MAX=  1.678 @ 98.5  MIN=  8.ZZ3 0 26  
+11111.  
T-1 VS 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  3.35Z @ .5  MIN=  2.646 t  89  MAX=  8.904 @ 61  MIN= -1.46Z t  98.5  
I  1 1  I!  
L_KNEE  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  5.288 CI 69.5  MIN=  4.304 GI 95  MAX=  1.278 Q 75.5  MIN= -1.719 Q 99.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME R VALUE)  
MAX=  2.843 @ % MIN=  2.474 @ 81  MAX=  1.661 @ 69.5  MIN= -8.939 @ 100  
Figure S.95. Continuous statistical plot for left knee resultant displacement. 498 
NORMALIZED TIME  L_KNEE  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.859 U 94.5 z  
MIN=  1.747 @ 65.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.203 @ 93.5 x  
MIN=  0.164 @ 68.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.677 EP 95.5 x  
MIN=  1.566 0 64.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.186 @ 79 x  
MIN=  8.885 @ 168 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.579 @ 98 x  
MIN=  1.455 @ 66 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.891 @ 82 x  
MIN=  6.872 @ 98 x  
NORMALIZED TIME & VALUE  L_KNEE  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.827 @ 93.5 x  
MIN=  0.092 @ 65.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.288 @ 96 %  
MIN=  8.188 @ 39.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.925 @ 93.5 z  
MIN=  6.836 @ 64 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.285 @ .5 %  
MIN=  8.844 @ 66  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.929 @ 96 x  
MIN=  0.027 @ 66.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.284 @ .5 z  
MIN=  8.021 @ 68.5 x  
Figure S.96. Ensembled plot for left knee resultant displacement. 499 
GRIP  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME d UALUE)  
MAX= 45.058 @ 83.5  MIN=  4.488 @ 108  MAX=  4.086 @ 73.5  MIM=  0.388 @ 35  
T-1 US 3 (NORMALIZED TIME)  
MAX=  5.725 @ 83  MIN=  1.484 @ 100  
C T 
GRIP  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  
MAX=  8.771 @ 83  MIN=  2.564 @ 180  
T-3 US 8 (NORMALIZED TIME)  
MAX=  4.255 P 84  MIN=  1.277 @ 27  
T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  1.222 @ 56  MIM= -1.042 @ 98.5  
T-1 US 8 (NORMALIZED TIME d VALUE)  
MAX=  2.609 CI 73  MIM= -1.742 @ 16.5 
1  I a 
T-3 US 8 (NORMALIZED TIME d UALUE)  
MAX=  2.869 @ 73  MIN= -1.377 P 19.5  
Figure S.97. Continuous statistical plot for grip medio-lateral displacement. 500 
NORMALIZED TIME  GRIP  MEDIOLATERAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.682 P 100 x  
MIN=  0.931 P 46.5 z  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  0.258 P 188 x  
MIN=  8.071 P 25.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.564 g 188 x  
MIM=  0.750 C 47 x  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  8.898 P 97 z  
MIM=  0.044 8 89 x  
8 IRON 
RANGE OF MEAN VALUES 
MAX=  1.469 8 188 x 
MIN=  8.673 61 48 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.897 P 66.5 x 
MIN=  8.043 P 46 x 
ti 
NORMALIZED TIME & VALUE  GRIP  MEDIOLATERAL  LINEAR DISPLACEMENT 
1 WOOD 
RANGE OF MEAN VALUES 
MAX=  8.923 g 188 x 
MIM=  8.893 9 46.5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.253 g 188 z 
MIN=  8.876 g 95 x 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 g 188 x  
MIN=  0.019g 17x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.182 g 29 x  
MIN=  0.000 ko 180 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 P 188 x  
MIM=  0.023 W 48.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.111 P 79.5 z  
MIN=  0.008 P 108 z  
Figure S.98. Ensembled plot for grip medio-lateral displacement. 501 
GRIP  AMTERO-POSTERIOR  LINEAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX= 19.669 P .5  MIN=  6.213 P 89  MAX= 13.328 8 .5  MIN=  8.062 0 45 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & UALUE)  
MAX=  3.714 0 lee  min=  Z.130 P 90.5  MAX=  2.517 8 .5  MIN= -1.183 P 93.5  
GRIP  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  6.300 P .5  MIM=  3.373 P 88.5  MAX=  5.383 P .5  MIN= -1.977 P 92  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  Z.441 P 96.5  MIN=  8.935 P 84.5  MAX=  2.580 P .5  MIN= -1.285 8 87  
Figure S.99. Continuous statistical plot for grip antero-posterior displacement. 502 
NORMALIZED TIME  GRIP  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.954 @ 95 x  
MIN=  8.559 @ 65.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.187 @ 93 x  
MIN=  8.144 @ 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.786 V 95 X  
MIN=  0.401 P 67 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.141 EI 19 x  
MIN=  0.883 @ 68.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.674 @ 94.5 x  
MIN=  0.362 @ 68 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.113 @ 26 x  
MIN=  0.068 El 64 x  
NORMALIZED TIME & VALUE  GRIP  ANTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.909 V 95.5 z  
MIN=  8.104 @ 66 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.250 @ 95.5 x  
MIN=  8.186 @ .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.982 V 95 x  
MIN=  0.848 @ 67 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.169 @ 89.5 X  
MIN=  0.028  95 x  
masmall...12% 8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.988 P 94.5 z  
MIN=  8.036 @ 68.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.183 P 35 x  
MIN=  0.034 @ 94.5 x  
Figure S.100. Ensembled plot for grip antero-posterior displacement. 503 
GRIP  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME 8 VALUE)  
MAX= 14.523 8 99  MIN=  1.658 P 47  MAX=  7.556 8 100  MIN=  8.884 8 1  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  3.575 P 188  MIN=  0.577 P 90.5  MAX=  2.926 8 188  MIN= -1.228 P 14.5  
..  
GRIP  VERTICAL  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  4.977 P 100  MIN=  1.820 I? 47  MAX=  3.410 P 100  MIN= -1.638 P 11.5  
T-3 VS 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  2.874 P 97  MIM=  0.734 P 10.5  MAX=  0.868 P 73.5  MIN= -8.921 GI 8.5  
Figure S.101. Continuous statistical plot for grip vertical displacement. 504 
NORMALIZED TIME  GRIP  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.645 0 74 x  
MIN=  8.696 0 18.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.134 V 89.5 x  
MIN=  8.845 @ 96.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.687 @ 74 x  
MIN=  8.657 0 8.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.124 0 89.5 x  
MIN=  8.832 0 97.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.555 0 73.5 x  
MIN=  8.642 0 6.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.185 @ 89 x  
MIN=  0.839 0 98.5 x  
NORMALIZED TIME d VALUE  GRIP  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.991 0 74 x  
MIN=  8.882 0 18.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.143 0 98 x  
MIN=  8.001 0 8 %  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.994 @ 74 x  
MIN=  0.803 0 8.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.138 0 98 x  
MIN=  8.884 0 7 x  
111111111111111111.11 8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.991 0 74 x  
MIN=  0.086 0 7 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.123 P 89.5 z  
MIN=  0.888 0 4 x  
Figure S.102. Ensembled plot for grip vertical displacement. 505 
GRIP  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME d VALUE)  
MAX= 55.316 P 26.5  MIN= 13.435 P 54.5  MAX=  3.723 O 26  MIM=  8.819 P 47.5  
1-1 VS 3 (NORMALIZED TIME)  1-1 VS 3 (NORMALIZED TIME & VALUE)  
MAX=  7.145  26.5  MIM=  3.888 P 55.5  MAX=  2.531 P 25  MIN= -1.656 8 75  
GRIP  RESULTANT  LINEAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME d VALUE)  
MAX= 18.537 13 Z5.5  MIN=  4.722 P 53  MAX=  1.964 P Z5.5  MIM= -1.783 P 74.5  
1-3 US 8 (NORMALIZED TIME)  T -3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  4.386  77.5  MIN=  2.386 P 54  MAX=  8.758 P 91.5  MIN= -8.718 GI 18  
Figure S.103. Continuous statistical plot for grip resultant displacement. 506 
NORMALIZED TIME  GRIP  RESULTANT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.126 U 75 z  
MIN=  1.565 U 37 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.202 U 100 z  
MIN=  8.865 U 79 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.961 U 75 x  
MIN=  1.356 U 36 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.103 U 57 x  
MIN=  8.859 U 38.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.832 g 75 x  
MIN=  1.258 U 36 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.188 W 59 x  
MIN=  8.858 U .5 x  
LINEAR DISPLACEMENT  
NORMALIZED TIME I4 VALUE  GRIP  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.942 U 75 z  
MIM=  0.063 U 37.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.247 U 188 z  
MIN=  8.866 9 76 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.978 9 75 z  
MIM=  0.015 9 36 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.156 U 87 z  
MIN=  0.016 9 36 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.988 9 75 x  
MIN=  8.814 U 36 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.158 9 88 x  
MIN=  8.815 g 37 x  
Figure S.104. Ensembled plot for grip resultant displacement. 507 
CLUB-HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX= 21.289 @ 6.5  MIN=  1.152 P 34  MAX=  1.437 P 13  MIN=  0.182 V 97.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  4.348 8 8  MIN=  8.513 P 76  MAX=  1.373 9 16  MIN= -1.059 0 75.5  
CLUB-HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  6.383 9 7.5  MIN=  1.184 9 33.5  MAX=  1.290 9 44  MIN= -1.148 V 108  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  5.197  75  MIN= -0.838 P 27  MAX=  1.295 P 87  MIN= -1.775 El 8.5  
Figure S.105. Continuous Statistical plot for club head medio-lateral displacement. 508 
NORMALIZED TIME  CLUB-HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT 
1 WOOD 
RANGE OF MEAN VALUES 
MAX=  2.810 P 74.5 x 
MIN=  8.232 0 36 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.614 8 33.5 x 
MIN=  8.127 P 8 x 
3 IRON  .1111111111111111.  a 
RANGE OF MEAN VALUES 
MAX=  1.922 P 75.5 x 
MIN=  0.043 8 35.5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  0.322 8 91 x 
MIN=  0.041 P 35 x 
8 IRON 
RANGE OF MEAN VALUES 
MAX=  1.787 8 75 x 
0.026 El 36 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.241 8 98.5 x 
0.024 8 35 x 
NORMALIZED TIME d VALUE  CLUB-HEAD  MEDIO-LATERAL  LINEAR DISPLACEMENT 
1 WOOD  .110111111111111MM.  .1111111111 
RANGE OF MEAN VALUES 
MAX=  8.918 P 75 x 
MIN=  8.896 6, 36 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.249 P 77.5 x 
MIN=  8.873 P 98.5 x 
3 IRON 
RANGE OF MEAN VALUES 
MAX=  8.989 0 75.5 x 
MIN=  8.823 0 35.5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.164 P 91 x 
MIN=  8.814 0 75.5 z 
8 IRON 
.11111111116. 
RANGE OF MEAN VALUES 
MAX=  8.987 0 75 x 
MIN=  8.815 8 36 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.133 0 98.5 z 
MIN=  8.814 0 35 z 
Figure S.106. Ensembled plot for club head medio-lateral displacement. 509 
CLUB-HEAD  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX= 15.115 P 76  MIM=  8.788 P 47  MAX=  4.064 P 79  MIM=  0.128 8 36  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  3.367 8 75.5  MIN=  8.945 P 47.5  MAX=  1.591 P 78.5  MIM= -1.244 D 97.5  
CLUB-HEAD  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  5.388 8 76  MIN=  8.766 8 47  MAX=  2.886 0 78.5  MIM= -1.894  96.5  
1-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  3.338 0 5  MIN= -8.473 P 47  MAX=  2.231 8 6.5  MIN= -8.981 8 96.5  
Figure S.107. Continuous statistical plot for club head antero-posterior displacement. 510 
NORMALIZED TIME  CLUB-HEAD  AMTERO-POSTERIOR  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.472  99.5 x  
MIN=  8.194  49.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.434 @ .5 %  
MIN=  0.203 @ 69 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.226 0 4 x  
0.081 0 58 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.211 @ 95 x  
MIN=  0.086 0 48.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.831 P .5 x  
MIN=  0.093 0 51 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.177 @ 81.5 x  
MIN=  8.102 0 50 x  
NORMALIZED TIME a VALUE  CLUB-HEAD  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.914 El 99.5 x  
MIN=  8.127 @ 49.5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.251 0 .5 x  
MIN=  0.188 0 71.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.994 I? 3.5 x  
MIN=  8.878 0 58 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.158 0 34.5 x  
MIN=  8.085 0 4.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.989 0 .5 x  
MIN=  8.896 0 51 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.157 0 34.5 x  
MIN=  0.008 0 7 z  
JIM"  
ANTEBO-POSTERIOR  LINEAR DISPLACEMENT  
Figure S.108. Ensembled plot for club head antero-posterior displacement. 511 
CLUB-HEAD  VERTICAL  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME  VALUE)  
MAX= 18.Z29 0 188  MIN=  0.017  1.5  MAX= 21.656 El 188  MIN=  8.825 0 96  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  5.519 8 188  MIN= -2.383  11.5  MAX=  6.846 9 188  MIN= -3.339 8 76  
CLUB-HEAD  VERTICAL  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME  VALUE)  
MAX=  4.118 0 188  MIN= -2.886 V 77  MAX=  4.461 Q 188  MIN= -5.9% Q 76  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.454 0 9.5  MIN= -1.929 P 99.5  MAX=  2.518  9.5  MIN= -3.188 8 76  
Figure S.109. Continuous statistical plot for club head vertical displacement. 512 
NORMALIZED TIME  CLUB-HEAD  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.195 0 55 x  
MIN=  8.818 0 6.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.286 0 95  
MIM=  8.007 9 7 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  2.104 9 55.5 z  
MIM=  8.812 0 .5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.262 a 38 x  
MIN=  8.888 9 .5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  2.852 0 57 x  
MIN=  8.018 0 7 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.213 9 39 x  
MIN=  8.005 8 5.5 z  
NORMALIZED TIME & VALUE  CLUB-HEAD  VERTICAL  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.982 V 55 z  
6.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.135 0 95  
MIN=  8.883 9 7 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.985 9 55.5 z  
MIN=  8.883 8 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.122 a 95 %  
min=  0.004 @ .5  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.986 V 57 x  
MIN=  8.882 V 7 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.187 0 94.5 z  
MIN=  0.002 0 6 x  
Figure 5.110. Ensembled plot for club head vertical displacement. 513 
CLUB-HEAD  RESULTANT  LINEAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 34.392 Q 16  MIN=  1.287 R 40  MAX= 13.413 P 16.5  MIN=  8.669 P 37  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  5.095 8 17  MIN=  8.889 P 48.5  MAX=  3.485 P 17  MIN= -1.331 8 77  
CLUB-HEAD  RESULTANT  LINEAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  8.577 Q 17.5  MIN=  1.434 P 40  MAX=  5.135 P 17  MIN= -1.497 P 77  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME d VALUE)  
MAX=  5.178  lee  MIN=  0.816 P 40  MAX=  2.936 P 100  MIN= -1.034 P 77  
Figure S.111. Continuous statistical plot for club head resultant displacement. 514 
NORMALIZED TIME  CLUB-HEAD  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  2.815 0 64.5 z  
MIN=  1.261 0 31.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.498 V 188 x  
MIN=  0.141 CO 58 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  2.636 g 67 x  
MIN=  1.018 g 29.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.251 8 93 X  
MIN=  0.061 8 84 x  
111111111111111111111111111111= 8 IRON  
RANGE OF MEAN VALUES  
MAX=  2.51? 8 71 x  
MIN=  8.894 g 28.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.213 8 42 x  
MIN=  0.057 8 82 x  
NORMALIZED TIME & VALUE  CLUB-HEAD  RESULTANT  LINEAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.953 8 65 x  
8.184 8 31.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.235 8 38.5 x  
MIN=  8.067 g 58.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.987 8 67 %  
MIN=  0.038 8 29.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.155 8 93 %  
min=  0.81z g 65.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.987 8 71 x  
MIN=  0.021 8 28.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.127 8 93 x  
MIN=  8.812 8 77.5 x  
Figure S.112. Ensembled plot for club head resultant displacement. 515 
Appendix T. Continuous Statistical Plot and Ensembled Plot 
for Angular Displacement Variables 516 
R_ANNLE_3D  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME It VALUE)  
MAX=  0.Z02 P 49  MIN=  0.001 P 97.5  MAX=  1.491 8 100  MIN=  8.880 8 14.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d UALUE)  
MAX=  0.638 8 69.5  MIN= -8.255 P 88.5  MAX=  8.499 8 41.5  MIN= -1.251 0 100  
R_ANNLE_3D  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  0.346 P 100  MIN= -8.330 8 21.5  MAX=  0.577 0 41.5  MIN= -8.249 8 89.5  
T-3 US 8 (NORMALIZED TIME)  T-3 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  8.260 8 108  MIN= -8.527 P 49  MAX=  1.448 P lee  MIN= -e.894 0 92  
Figure T.1. Continuous statistical plot for right ankle relative angular displacement. 517 
NORMALIZED TIME  R_ANELE_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  79.646 0 45 x  
MIM=  71.740 0 96 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  4.868 0 94.5 z  
MIN=  2.914 0 83.5 z  
3 IRON  11111111111111111111111111111111111111111111111111111.111111111.11111111111111=111111 
RANGE OF MEAN VALUES  
MAX=  78.888 0 41.5 x  
MIN=  71.881 0 97.5 >  
RANGE OF CONFIDENCE INTERVALS  
MAX=  4.516 0 96 x  
MIN=  1.788 8 ZZ x  
3111111111111911111=1111111181111111 8 IRON  
RANGE OF MEAN VALUES  
MAX=  79.622 8 41.5 z  
MIM=  71.795 C 97.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  4.994 0 93.5 z  
MIM=  3.633 0 .5 z  
NORMALIZED TIME d VALUE  R_ANKLE_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.878 0 40 x  
MIM=  8.132 0 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.269 0 84 x  
MIM=  8.893 0 98.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.852 0 37.5 x  
MIN=  0.189 0 97.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.267 a 69 x  
MIN=  8.138 8 36 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.845 9 37.5 x  
MIN=  0.137 9 98 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.251 9 64.5 z  
MIN=  0.150 9 99 x  
Figure T.2. Ensembled plot for right ankle relative angular displacement. 518 
R_ENEE 3D  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX=  1.626 P 188  MIN=  0.007 P 79.5  MAX=  3.192 P 100  MIN=  0.883  76.5 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  0.883 P 41  MIN= -8.648 P 88  MAX=  0.701 O 41.5  MIN= -1.145 P .5  
R_EMEEjD ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.313 P 188  MIN= -0.267 P 87.5  MAX=  2.171 8 108  MIN= -1.137 8 24  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.874 8 me MIN= -8.295 U 31.5  MAX=  2.288 8 100  MIN= -1.415 8 33  
AIM 
:::it4.qp:RilgpOPP#R.ZgER:1ARNR4Igi: 
Figure T.3. Continuous statistical plot for right knee relative angular displacement. 519 
NORMALIZED TIME  R_KNEE_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  153.887 U 42 x  
MIN=  139.403 @ 93 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.176 U 94 x  
MIN=  3.816 @ 16 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  151.281 @ 36 x  
MIN=  140.003 @ 93.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  7.491 U 68.5 x  
MIN=  3.665 @ 20 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  151.842 0 34.5 x  
MIN=  139.096 @ 94.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.016 0 80 v.  
MIN=  5.316 @ .5 x  
NORMALIZED TIME d VALUE  R_KNEE_3D  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.809 U 40.5 x  
MIN=  0.175 U 93 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.274 V 83.5 x  
MIN=  8.151 V 89.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.758 Ei 32.5 x  
MIN=  0.178 @ 93 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.356 U 67.5 x  
MIN=  8.157 0 28 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.859 @ 31.5 x  
MIN=  0.124 @ 94.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.288 @ .5 x  
MIN=  0.128 @ 95.5 x  
NGULAR DISPLACEMENT  
111111111/1181/  
111111111111111111111111111111111111111111111111111  
Figure T.4. Ensembled plot for right knee relative angular displacement. 520 
RilIP 3D  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME d VALUE)  
MAX=  9.485 @ 46  MIN=  0.802 @ 98  MAX=  1.634 @ 4  MIN=  8.811 @ 82.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  2.936 @ 44.5  MIN= -8.279 @ 108  MAX=  1.439 @ 65  MIN= -1.335 @ 100  
RHIP 3D  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  5.829 11 46.5  MIN= -8.192 @ 100  MAX=  1.846 @ 67  MIN= -1.753 @ 100  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  1.385 @ 52  MIN= -0.891 @ 93.5  MAX=  1.611 @ 4  MIN= -1.181 @ 88.5  
Figure T.S. Continuous statistical plot for right hip relative angular displacement. 521 
NORMALIZED TIME  R_HIP_3D  ANGULAR DISPLACEMENT  
1 WOOD  Vit=8/1.  
RANGE OF MEAN VALUES  
MAX=  154.711 @ 78.5 x  
MIN=  131.423 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.598 @ 85.5 x  
MIN=  2.733 @ 47 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  151.352 @ 79 x  
MIN=  128.187 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.408 0 84 x  
MIN=  4.198 @ 1Z x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  147.776 @ 79.5 z  
MIN=  127.036 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.451 0 180 z  
MIN=  3.422 @ 25 x  
NORMALIZED TIME & VALUE  R_HIP_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.886 @ 78.5 z  
MIN=  8.858 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.242 @ 87 x  
MIN=  8.877 @ 67.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.876 @ 79 x  
MIN=  8.841 @ 2.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.312 @ 188 x  
MIN=  8.837 @ 5.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.847 0 79.5 z  
MIN=  0.014 P .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.277 @ 188  
MIN=  8.823 P 4.5 z  
Figure T.6. Ensembled plot for right hip relative angular displacement. 522 
R_SHOULDER_3D_#1  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  4.793 P 2  MIN=  8.246 P 89.5  MAX=  1.828 P 97.5  MIN=  0.001 @ 85.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.686 P 1.5  MIN=  8.885 P 98.5  MAX=  8.683 P 188  MIN= -1.328 @ 73.5  
R_SHOULDER 3D #1  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & UALUE)  
MAX=  2.938 P 1.5  MIM= -8.163 9 98  MAX=  0.429  94  MIM= -1.815 8 97.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  1.614 9 4.5  MIN= -1.845 P 98  MAX=  1.289 9 73.5  MIM= -1.378 9 98  
Figure T.7. Continuous statistical plot for right shoulder relative angular displacement #1. 523 
NORMALIZED TIME  R_SHOULDE11_3D_It1  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  73.808 U 74 x  
MIN=  12.398 W 97.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.173 U 86.5 z  
MIN=  3.945 U .5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  72.855 (0 73.5 x  
MIN=  18.582  97.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.977 U 86.5 x  
MIN=  Z.767  Z x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  67.985 8 74.5 z  
MIN=  11.518 U 96.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.176 8 87 z  
MIM=  2.285 U .5 x  
NORMALIZED TIME & VALUE  R_SHOULDER 3D_SI1  ANGULAR DISPLACEMENT  
1 WOOD  MOW  
,Mt RANGE OF MEAN VALUES  
MAX=  8.977 V 74 x  
MIN=  8.838 U 97.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.176 V 87 x  
MIN=  8.823 U 97.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.993 FP 73.5 x  
MIN=  8.035 U 97.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.167 U 88 x  
MIN=  8.887 Q 74.5 z  
_11=11111INSIIIIIIIII7=111111 8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.981 P 74.5 z  
MIN=  8.853 U 96.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.164 P 88.5 z  
-07t777 
MIM=  0.031 P 76.5 z  
1  
Figure T.8. Ensembled plot for right shoulder relative angular displacement #1. 524 
R_SHOULDER_3D_RZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  1.005 P 88  MIN=  0.001 P Z3.5  MAX=  2.503 P 13  MIN=  8.000 8 57  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  0.828 P 91.5  MIN= -0.649 9 1Z  MAX=  1.338 0 95  MIN= -1.969 8 13  
R_SHOULliER3D_NZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  1.5ZZ P 88  MIN= -0.8Z8 P 13.5  MAX=  1.685  180  MIN= -2.190 P 13.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  0.869 8 44.5  HIM= -8.217 P 17.5  MAX=  8.988 P 43.5  MIM= -0.861 Q 88.5  
Figure T.9. Continuous statistical plot for right shoulder relative angular displacement #2. 525 
NORMALIZED TIME  R_SHOULDER_31)_#2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  188.543 8 79.5 z  
MIN=  88.678 8 12 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.341 V 71 x  
MIN=  2.498 8 21.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  189.156 8 69 x  
MIN=  81.701 0 13.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.775 0 83.5 z  
MIN=  3.955 0 20.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  189.188 8 69.5 x  
MIN=  81.962 V 10.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.309 8 95.5 x  
MIN=  3.869 8 20.5 z  
NORMALIZED TIME d VALUE  R_SHOULDER_ D_St2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.774 8 94.5 x  
MIN=  8.819 8 12 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.237 8 99 z  
MIN=  0.0ZZ V 16 x  
3 IROM  
RANGE OF MEAN VALUES  H  
MAX=  8.786 Q 68 x  
MIN=  0.048 1! 16 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.261 8 188 x  
MIN=  8.848 0 15.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.820 8 69 x  
MIN=  8.054 g 12 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.384 0 108 z  
MIN=  0.038 8 20.5 x  
Figure T.10. Ensembled plot for right shoulder relative angular displacement #2. 526 
R_ELBOW_3D  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  0.785 P 92.5  MIN=  8.811 0 25.5  MAX=  1.490 0 4.5  MIM=  0.881 0 79  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & UALUE)  
MAX=  8.815 0 98.5  MIN= -0.436 P 77.5  MAX=  0.900 P 43  MIN= -1.718 8 5  
1 7  Till, 
R_ELBOW 3D  ANGULAR DISPLACEMENT  
T-1 US 6 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & UALUE)  
MAX=  1.018 0 54  MIM= -1.104 0 91.5  MAX=  1.379 0 54.5  MIM= -1.875 0 91.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.559 0 58  MIN= -1.883 P 93  MAX=  1.614 0 4.5  MIN= -1.256 0 92.5  
Figure T.11. Continuous statistical plot for right elbow relative angular displacement. 527 
NORMALIZED TIME  R_ELDOW_3D  ANGULAR DISPLACEMENT  
1 WOOD  INN=  
RANGE OF MEAN VALUES  
MAX=  166.496 0 4 x  
MIN=  69.622 Q 78 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.893 8 92 x  
MIN=  4.988 0 7 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  167.101 Q 3.5 x  
MIN=  71.193 0 78 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.989 9 49.5 x  
MIN=  2.984 8 14 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  166.514 8 .5 x  
MIN=  78.585 8 76 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.625 8 97 x  
MIN=  4.562 8 3.5 x  
NORMALIZED TIME & VALUE  R_ELBOW_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.981 a 3.5 x  
MIN=  0.039 Q 78 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.139 Q 99.5 x  
MIN=  0.020 a 6.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.992 0 3.5 x  
MIN=  0.038 8 77 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.156 9 98 X  
MIN=  0.806 9 3.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.984 9 .5 x  
MIN=  8.036 Q 76 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.146 8 97 x  
MIN=  8.018 0 3 x  
Figure T.12. Ensembled plot for right elbow relative angular displacement. 528 
R_WRIST_3D  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX=  1.881 Q 100  MIN=  0.065  62.5  MAX=  9.853 Q 25.5  MIN=  8.817  80 
T-1 US 3 (NORMALIZED TIME)  
MAX=  8.989  25  MIN= -2.074 D 100  
R_WRIST 3D  ANGULAR DISPLACEMENT  
T-1 US 5 (NORMALIZED TIME)  
MAX=  1.486 EP 38.5  MIN= -1.602 Q 100  
T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  3.948 8 23.5  MIN= -0.859 W 100  
T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  4.154 Q 26  MIN= -0.597 a 96.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  0.6e3 0 31  MIN= -8.918 P 89  MAX=  1.829 8 28  MIN= -1.814 0 89  
Figure T.13. Continuous statistical plot for right wrist relative angular displacement. 529 
NORMALIZED TIME  R_WRIST_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  139.184 @ 3 z  
MIN=  79.452 0 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  14.051 @ 96.5 z  
MIN=  5.738 0 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  145.911 0 100 x  
MIN=  81.963 0 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.651 @ 39 x  
MIN=  6.663 0 21.5 Z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  144.628 0 10B x  
MIN=  83.575 0 91.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  14.911 0 99 x  
MIN=  5.478 0 1.5 z  
NORMALIZED TIME II VALUE  R_WRIST_31)  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.920 0 3.5 z  
MIN=  8.864 0 98.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.184 0 96.5 x  
MIN=  8.041 0 22.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.944 0 108 x  
MIN=  8.85? 0 91 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.169 0 40.5 z  
MIN=  8.832 0 98.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.928 0 180  
MIN=  0.057 @ 91.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.173 @ 84 x  
MIN=  8.853 0 91.5 z  
Figure T.14. Ensembled plot for right wrist relative angular displacement. 530 
L_ANXLE_3D  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE) 
MAX=  0.837 O 76.5  MIN=  8.353 P Z5.5  MAX=  8.978  99.5  MIN=  8.008  78.5 
T-1 VS 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX= -0.742 P 29  MIM= -1.152 P 62.5  MAX=  1.000 P 100  MIM= -1.301 P 99.5  
L_ANKLE_3D  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME 8 VALUE)  
MAX= -0.130 Ei 188  MIN= -1.176 8 76  MAX=  1.000 8 100  MIM= -8.881 @ 98.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  0.618 U 100  MIN= -0.382 P 47.5  MAX=  0.967 P 100  MIN= -9.431 0 47  
Figure T.15. Continuous statistical plot for left ankle relative angular displacement. 531 
NORMALIZED TIME  L_ANKLE_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  86.531 Q 100 x  
MIN=  62.788 U 79 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  5.818 g 96 x  
MIN=  4.544 g 86 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  88.868 a 188 x  
MIN=  64.949 U 79.5 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.107 U 108 x  
MIN=  3.535 U Z1 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  86.877 0 108 x  
MIN=  65.119 g 80.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.939 U 95.5 z  
MIN=  4.950 U 18.5 x  
NORMALIZED TIME A VALUE  L_AMELE_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  1.008 g 188 z  
MIN=  0.818 9 79.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 U 20.5 x  
MIN=  8.888 9 108 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  1.888 U 188 x  
MIN=  8.023 0 80.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.183 U 10.5 %  
MIN=  0.000 8 100   F77
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.997 9 100 z  
MIN=  8.816 9 81 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.180 8 .5 z  
MIN=  0.011 W 100 x  
Figure T.16. Ensembled plot for left ankle relative angular displacement. 532 
L_KMEE_3D  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME A VALUE)  
MAX=  1.968 P 80  MIN=  8.885 P 7.5  MAX=  4.246 P 47.5  MIN=  8.811 g 97.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  8.649 P 43.5  MIM= -1.569 D 83.5  MAX=  2.778 P 46  MIN= -1.486 g 78.5  
L_KNEE_3D  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME A UALUE)  
MAX=  8.242 P 27  MIM= -1.915 P 79.5  MAX=  1.741 P 64  MIM= -1.881 P 78.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A UALUE)  
MAX=  0.429 U 97  MIM= -1.882 P 51.5  MAX=  1.318 P 84  MIM= -1.741 P 51  
Figure T.17. Continuous statistical plot for left knee relative angular displacement. 533 
NORMALIZED TIME  L_KNEE_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  157.293 tio  100 x  
MIN=  129.822 fi 77.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.916 I?  .5 x  
MIN=  4.543 V 83 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  158.295 EP 100 x  
MIN=  132.439 9 74 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.97Z 8 188 x  
MIM=  3.286 9 6 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  156.751 9 1813  
MIM=  133.695 P 73 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.628 9  188 z  
MIM=  5.038 9  17.5 z  
NORMALIZED TIME d VALUE  L_XNEE_3D  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.976 9 100 z  
MIN=  8.834 9 77.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.162 EP 90.5 z  
MIM=  8.829 9 77.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.897 9 100 z  
MIN=  8.843 9 74 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.176 9 .5 x  
MIN=  8.030 9 76 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.900 P 100 z  
MIM=  0.837 E0 72.5  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.177 9 .5 x  
MIN=  0.033 0 71 x  
NGULAR DISPLACEMENT  
11111111111...riMIM  ""1111111111111111111111=191 
Figure T.18. Ensembled plot for left knee relative angular displacement. 534 
L_HIP_3D  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 18.135 P 53.5  MIN=  0.106 P 99.5  MAX=  2.918 P 53.5  MIN=  0.884 P 89  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  3.199  52  MIN=  0.427 8 100  MAX=  2.011 8 51.5  MIN= -0.266 P .5  
L_HIP_3D  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  4.273 P 54.5  MIN=  0.076 8 180  MAX=  2.017 P 65.5  MIN= -1.818 8 188  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  2.143 8 68  MIN= -8.356 P 100  MAX=  1.244 8 68  MIN= -1.493 8 100  
Figure T.19. Continuous statistical plot for left hip relative angular displacement. 535 
NORMALIZED TIME  L_NIP_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  144.494 0 8 x  
MIN=  129.589 8 86.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  7.257 P 92.5 x  
MIN=  3.822 8 17 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  141.952 P 5.5 x  
MIA=  126.568 P 86 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.155 0 100 x  
MIN=  3.648 8 16 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  142.733 P 108 z  
MIN=  122.715 EI 85.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.889 El 188 z  
MIA=  3.909  10 z  
NORMALIZED TIME & VALUE  L_HIP_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.795 B 10.5 x  
MIN=  8.128 a 87 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.262 0 49.5 x  
MIN=  8.188 a 87 X  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.797 0 7.5 x  
MIN=  0.105 8 86.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.352 0 100 z  
MIN=  0.096 8 89 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.866 P 100 z  
MIN=  0.066 8 86 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.222 8 94.5 x  
MIN=  8.086 Q 86 x  
Figure T.20. Ensembled plot for left hip relative angular displacement. 
11.01111111a 536 
L_SHOULDER_3D_#1  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX= 15.141 8 99  MIN=  8.833 P 76  MAX=  8.781 P 98.5  MIN=  8.888  62 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  4.852 O 98.5  MIN= -8.388 P 67  MAX=  3.020 P 98  MIN= -8.946 8 6.5  
L_SHOULDER 3D #1  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  5.316 (i 98.5  MIN=  8.129 P 57  MAX=  3.848 8 97.5  MIN= -8.918 8 74  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  0.948 P 99  MIN= -8.438 P .5  MAX=  1.084 8 99.5  MIN= -1.464  76  
Figure T.21. Continuous statistical plot for left shoulder relative angular displacement #1. 537 
NORMALIZED TIME  L_SHOULDER_3D_R1  ANGULAR DISPLACEMENT  
1 WOOD   MM.  
RANGE OF MEAN VALUES  
MAX=  111.823 g 73.5 x  
MIN=  22.969 g 8.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  16.156 g 88.5 %  
MIN=  4.489 g .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  112.414 g 71.5 x  
MIN=  20.757 g 8 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.231 V 88.5 x  
MIN=  3.439 g .5 x  
_01 8 IRON  
RANGE OF MEAN VALUES  
MAX=  111.837 g 74 x  
MIN=  21.318 g 8.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  11.179 0 88 x  
MIN=  4.847 g 180 x  
NORMALIZED TIME tI VALUE  L_SNOULDER_3D_#1  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.988 g 73.5 %  
MIN=  8.808 g 8 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.087 g 100 %  
MIN=  8.887 @ 8 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.998 g 72 x  
MIN=  0.012 g 8 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.184 g 94 x  
MIN=  0.010 g 72 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.992 0 74 x  
MIN=  0.008 @ 8.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.894 g 91.5 z  
MIN=  0.006 0 8 x  
Figure T.22. Ensembled plot for left shoulder relative angular displacement #1. 538 
L_SHOULDER_3D_ISZ  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE) 
MAX=  3.275 P 1Z  MIN=  8.000 P 63  MAX=  1.585 P 11  MIN=  8.048 g 57 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  1.476 O 13.5  MIN= -1.394 P 100  MAX=  1.58e P 13.5  MIN= -1.124 8 188  
L_SHOULDER 3D RZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  2.478 g 11.5  MIN= -2.866 P 180  MAX=  1.886 P 18  MIN= -1.672 g 100  
'.:MMN§§§§;W:M:§§gaggg:iiigipWip 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME X VALUE)  
MAX=  1.263 P .5  MIN= -8.692 8 41.5  MAX=  1.573 P 78.5  MIN= -1.268 g 26.5  
Figure T.23. Continuous statistical plot for left shoulder relative angular displacement #2. 539 
NORMALIZED TIME  L_SHOULDER_3D_II2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  72.557 U 12.5 x  
MIN=  48.466 @ 78.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  18.898 U 91 z  
MIM=  2.158 @ 16.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  71.164 0 13 x  
MIN=  48.728 @ 77.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  11.127 110 86.5 x  
MIN=  1.893 @ 18 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  78.175 @ 16 z  
MIN=  47.81Z P 81 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.646 0 98.5 x  
MIN=  2.368 @ 6 x  
NORMALIZED TIME d VALUE  L_SHOULDER_  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.965 U 12.5 x  
MIM=  0.217 0 78 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.280 0 91 x  
MIM=  0.043 0 16 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.915 U 13 x  
MIM=  8.198 @ 77 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.329 0 99.5 z  
M1M=  8.877 0 Z4 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.915 0 16.5 x  
MIN=  8.125 0 88.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.277 0 91 x  
MIN=  8.884 0 68 x  
Figure T.24. Ensembled plot for left shoulder relative angular displacement #2. 540 
L_ELBOW_3D  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  1.894 @ 16  MIN=  0.004 @ 32  MAX=  2.315 @ .5  MIN=  0.025 @ 99  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  8.922 @ 17  MIN= -1.148 @ 108  MAX=  1.407 @ 17  MIN= -1.262 @ 100  
T 1 7  T 7   Il  
L_ELBOW_3D  ANGULAR DISPLACEMENT  
T-1 us 5 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  0.965 @ 94  MIN= -1.556 @ 87  MAX=  2.146 CP  .5  MIN= -1.737 @ 87  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  8.791 @ 92  MIN= -1.978 @ 16.5  MAX=  1.251 @ 9Z  MIN= -1.852 @ 84  
Figure T.25. Continuous statistical plot for left elbow relative angular displacement. 541 
NORMALIZED TIME  L_ELBOW_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  173.863 8 7 x  
MIN=  158.778 P 89 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.861 P 95 x  
MIN=  2.679 110 9.5 x  
3 IRON  
---111111111117511111111.11111181.111" RANGE OF MEAN VALUES  
MAX=  174.872 EP 4 x  
MIN=  158.617 8 81.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  11.512 V 96.5 x  
MIN=  2.627 P 7 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  174.717 8 11 x  
MIN=  151.861 8 92.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.771 8 95.5 x  
MIN=  2.537 El 12.5 x  
NORMALIZED TIME & VALUE  L_ELBOW_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.918 P 5 x  
MIN=  8.187 V 88.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.285 I? 95 x  
MIN=  8.858 P .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.888 P 3 x  
MIN=  8.158 8 81 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.315 0 96.5 x  
MIN=  8.859 El 4.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.984 El 18.5 z  
MIN=  8.187 Q 92 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.262 8 96.5 x  
MIN=  8.875 El 18.5 x  
Figure T.26. Ensembled plot for left elbow relative angular displacement. 542 
L_WRIST_3D  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX=  4.422 P 85  MIN=  8.871 P .5  MAX=  2.572 P 51.5  MIN=  8.853  74 
T-1 US 3 (NORMALIZED TIME)  
MAX=  8.823 P 51  MIN= -1.878 P 85.5  
L_WRIST_3D  ANGULAR DISPLACEMENT  
T-1 US  (NORMALIZED TIME)  
MAX=  1.825 P 58  MIN= -3.298 P 85  
T-1 US 3 (NORMALIZED TIME a UALUE)  
MAX=  1.689 P 51.5  MIN= -1.256 P 84.5  
T-1 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  2.146 P 51.5  MIN= -1.167 0 83.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.565 P 99  MIN= -1.374 W 79  MAX=  1.224 P 99  MIN= -8.952 W 7  
Figure T.27. Continuous statistical plot for left wrist relative angular displacement. 543 
NORMALIZED TIME  L_WRIST_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  153.741 @ 99.5 x  
MIN=  76.352 @ 83 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.336 @ 94.5 x  
MIM=  2.851 @ .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  158.233 @ 99 x  
MIN=  82.481 @ 78.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.832 @ 94.5 x  
MIN=  3.979 @ 17 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  152.512 @ 99.5 x  
MIN=  85.993 @ 88 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.463 @ 97.5 x  
MIN=  3.474 @ 15 x  
NORMALIZED TIME d VALUE  L_WRIST_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.940 @ 99.5 z  
MIM=  8.845 V 82.5 x  
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.154 V 39.5 z 
MIM=  8.839 @ 85.5 x 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.955 @ 99.5 x  
MIM=  8.858 @ 78.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.138 V 39 x  
MIN=  0.039 @ 99.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.934 @ 99.5 x  
MIN=  0.055 @ 88 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.144 @ 95.5 z  
MIN=  8.836 @ 86.5 z  
Figure T.28. Ensembled plot for left wrist relative angular displacement. 544 
L_PENDULUM_3D  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME fl VALUE)  
MAX=  5.329 P 95  MIM=  8.054 P 85.5  MAX=  2.384 P 68.5  MIM=  8.881 P .5  
.M 
T-1 VS 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  8.475 8 76.5  MIN= -2.508 9 94  MAX=  1.389 0 75  MIN= -1.619 8 62.5  
( 
L_PEMDULUM iD  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME d VALUE)  
MAX=  1.844 P 78.5  MIN= -3.139 P 93.5  MAX=  1.684 P 75.5  MIM= -1.978 P 60.5  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME d VALUE)  
MAX=  8.691 P 81  MIM= -0.889 P 96  MAX=  8.695 P 88.5  MIM= -8.914 8 58.5  
Figure T.29. Continuous statistical plot for left pendulum relative angular displacement. 545 
NORMALIZED TIME  L_PENDULUM_3D  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  75.523  74.5 x  
MIN=  18.783 9 95 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.787 0 86 x  
MIN=  4.566 @ .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  73.668 9 73.5 x  
MIN=  17.037 0 95.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  1Z.913 0 68.5 x  
MIN=  4.113 0 .5 x  
J1111111111=111111111111111111111111111111111iillilluuil
8 IRON  
RANGE OF MEAN VALUES  
MAX=  71.554 8 73.5 x  
MIN=  19.234 8 95.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  11.666 8 71.5 x  
MIN=  1.738 0 5.5 x  
NORMALIZED TIME a VALUE  L_PENDULUM_3D  ANGULAR DISPLACEMENT 
1 WOOD 
RANGE OF MEAN VALUES 
MAX=  8.981 9 74.5 z  
MIN=  8.838 0 95 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.170 a 87 x  
MIN=  8.825 0 75 x  
_mmirimmill11111111111111111111.111.1111111111111111111111 3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.964 8 73.5 x  
MIN=  8.848 8 95.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.163 8 87 x  
MIN=  8.834 8 73 z  
1111111111111111 
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.959 0 73.5 z  
MIN=  0.050 8 95.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.198 8 46.5 z  
MIN=  8.843 l 74.5 z  
Figure T.30. Ensembled plot for left pendulum relative angular displacement. 546 
R_XNEE_X2  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  2.588 P 88.5  MIM=  1.827 P .5  MAX=  4.416 P 62.5  MIN=  0.027 9 78.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX= -0.361 P .5  MIM= -1.553 8 54.5  MAX=  0.387 9 34.5  MIN= -1.593 P 71  
R_XMEE_XZ  ANGULAR DISPLACEMENT  
1-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX= -1.488 P .5  MIM= -2.523 P 73.5  MAX=  2.079 P 45  MIN= -1.838 8 100  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX= -8.212 P 61  MIN= -1.708 P 89  MAX=  3.342  62.5  MIM= -1.788 8 99.5  
Figure T.31. Continuous statistical plot for right knee projected onto frontal plane angular 
displacement. 547 
NORMALIZED TIME  R_EMEE_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  196.482 @ 180 x  
MIN=  168.454 0 70.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.955 @ 100 x  
MIN=  3.611 0 49.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  198.419 @ 108 x  
MIN=  171.9Z3 @ 70 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.835 @ 96 x  
MIN=  3.580 0 Z7.5  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  282.687 0 100 x  
MIN=  173.541 0 66 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  7.708 0 188 z  
MIN=  4.195 0 25.5 x  
NORMALIZED TIME & VALUE  R_XNEE_XZ  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.967 0 188 x  
MIN=  0.837 0 70.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.265 @ .5  
MIN=  8.852 V 78.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.974 @ 108 z  
MIN=  8.091 0 69.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.282 (0  .5 x.  
min=  0.042 0 99.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  1.000 0 100 x  
MIN=  8.035 @ 65.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.168 0 92.5 x  
MIN=  0.880 0 188 x  
ANGULAR DISPLACEMENT  
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Figure T.32. Ensembled plot for right knee projected onto frontal plane angular 
displacement. 548 
R_KNEE Y2  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  8.716 P 188  MIN=  8.883 9 18.5  MAX=  1.496 P 38  MIN=  0.881 8 94.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  8.748 P 188  MIN= -1.825 P 42  MAX=  8.866 @ .5  MIN= -0.995  43  
R_KNEE_YZ  ANGULAR DISPLACEMENT 
,  
1-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.346 8 93  MIN= -8.778 8 78.5  MAX=  1.389 Q 24.5  MIN= -8.737 P 78.5  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.327 8 29.5  MIN= -1.295 8 188  MAX=  1.765 8 32.5  MIN= -8.873 P 188  
Figure T.33. Continuous statistical plot for right knee projected onto sagittal plane 
angular displacement. 549 
NORMALIZED TIME  R_KNEE_YZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  221.235  93 z  
MIN=  285.828 0 70.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.885 0 93.5 x  
MIN=  3.837 9 14.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  228.313 0 93 x  
MIN=  287.852 8 72.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  7.296 9 84 x  
MIN=  3.468 8 17.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  228.072 8 93 z  
MIN=  287.802 8 37 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.899 0 80.5 x  
MIN=  5.532 8 14 x  
NORMALIZED TIME a VALUE  R_XNEE_YZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.857 a 93 x  
MIN=  8.189 9 7Z x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.288 Q .5 x  
MIN=  8.114 9 91 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.894 a 92.5 x  
MIN=  8.257 9 74.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.315 60 188 x  
MIN=  8.128 0 92 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.857 0 92.5 x  
MIN=  8.152 C 32.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.321 0 .5 x  
MIN=  8.148 B 95 x  
Figure T.34. Ensembled plot for right knee projected onto sagittal plane angular 
displacement. 550 
R_ELBOW_XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  3.982 P 99  MIN=  0.881 P ZZ.5  MAX=  2.883 P 99  MIN=  8.811 V 96  
A 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  8.944 P 90.5  MIN= -1.697 P 98.5  MAX=  0.927 0 22.5  MIN= -2.165 9 99  
T T   T T  
R_ELBOW XZ  ANGULAR DISPLACEMENT  
T-1 VS 5 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  2.872 P 91.5  MIN= -2.787 P 99  MAX=  2.257 P 28  MIM= -2.086 8 99  
T-3 VS 8 (NORMALIZED TIME)  T-3 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  1.412 P 91.5  MIN= -1.368 P 188  MAX=  1.365 P 9Z  MIN= -1.ZZ7 W 188  
Figure T.35. Continuous statistical plot for right elbow projected onto frontal plane 
angular displacement. 551 
NORMALIZED TIME  R_ELBOW_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  279.261 g 87 x  
MIA=  154.567 P 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  Z7.888 @ 95.5 x  
MIN=  3.947 g 7.5 %  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  275.812 g 86.5 %  
MIA=  161.119 0 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  26.516 g 95.5 x  
AIM.  4.928 P 5.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  275.609 ko 85.5 z  
MIM=  171.139 g 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  26.519 g 95.5 x  
MIN=  5.270 0 .5 x  
NORMALIZED TIME & VALUE  R_ELBOW_XZ  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.958 V 87 x  
MIN=  0.808 g 100 %  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.198 V 95.5 z  
MIN=  8.000 g 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.939 g 87 x  
MIM=  8.017 g 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.218 g 95.5 x  
AIM=  8.043 8 188 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.952 g 85.5 x  
MIA=  0.065 P 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.218 Q 95.5 x  
AIM=  0.046 P 85 x  
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Figure T.36. Ensembled plot for right elbow projected onto frontal plane angular 
displacement. 552 
R_ELBOW_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  3.792 P Z5  MIN=  0.623 P 180  MAX=  7.081 P 28.5  MIN=  0.055 I? 94.5  
T-1 VS 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  2.577 P 21.5  MIN=  8.386 8 100  MAX=  3.869 P 28.5  MIN= -2.828 0 108  
R_ELBOW_XY  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.728 P 25  MIN=  1.188 P 180  MAX=  2.673 8 74  MIN= -2.247 8 .5  
=la 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  8.878 P 68.5  MIN= -8.889 @ 17  MAX=  8.763  69.5  MIN= -2.854 8 27  
Figure T.37. Continuous statistical plot for right elbow projected onto transverse plane 
angular displacement. 553 
NORMALIZED TIME  R_ELBOW_XY  ANGULAR DISPLACEMENT  
1 WOOD   rim 
RANGE OF MEAN VALUES  
MAX=  288.958 61 108 X  
MIN=  183.510 0 39.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  168.705 @ 86 X  
MIN=  17.385 @ 3.5 x   It 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  278.280 @ 188 x  
MIN=  9.17Z P 29 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  155.548 @ 84.5 x  
MIN=  15.391 0 3 X  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  223.979 @ 188 X  
MIN=  29.908 @ 39.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  147.818 @ 78 x  
MIN=  16.749 @ 3.5 x  
NORMALIZED TIME d VALUE  R_ELBOW_XY  ANGULAR DISPLACEMENT  
1 WOOD  IMINIMINSMSN  
RANGE OF MEAN VALUES  
MAX=  0.885 @ 100 %  
MIN=  8.251 @ 37.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.331 @ 98 %  
MIN=  8.121 @ 28.5 x  
3 IBM  
RANGE OF MEAN VALUES  
MAX=  8.978 @ 188 x  
MIN=  8.181 @ 29 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.386 @ .5 x  
MIN=  8.859 @ 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.961 @ 188 x  
MIN=  0.894 @ 40 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.347 @ 6 x  
MIN=  0.844 P 100 x  
Figure T.38. Ensembled plot for right elbow projected onto transverse plane angular 
displacement. 554 
R_WRIST X2  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX=  4.375 P 86  MIN=  0.817 @ 49  MAX=  4.858 Q 33.5  MIN=  0.014 Q 78.5 
T-1 US 3 (NORMALIZED TIME)  
MAX=  1.873  99.5  MIN= -1.043 P 33  
R_WRIST_X2  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  
MAX=  Z.9Z3 GP 85  MIN= -2.199 Q 93.5  
T-3 US 8 (NORMALIZED TIME)  
MAX=  1.486 0 87.5  MIN= -1.448 P 93  
T-1 VS 3 (NORMALIZED TIME & UALUE)  
MAX=  1.415 P 84  MIN= -2.375 P 3  
T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  1.769  84  MIN= -3.Z44 W 93.5  
T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  8.729 P 87  MIN= -1.881 C 93  
AMR 
Figure T.39. Continuous statistical plot for right wrist projected onto frontal plane 
angular displacement. 555 
NORMALIZED TIME  R_WRIST_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  Z76.336 0 79.5 z  
MIN=  200.440 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  21.848 @ 96 x  
MIN=  6.846 0 23 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  Z68.777 0 78 x  
MIN=  Z01.594 0 .5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  21.007 @ 96.5 z  
MIN=  7.741 0 25 x  
MIN  INt 
8 IRON  
RANGE OF MEAN VALUES  
MAX=  263.699 0 73.5 z  
MIN=  283.346 0 .5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  18.575 0 96.5 z  
MIN=  5.731 @ .5 x  
NORMALIZED TIME & VALUE  R_WRIST_XZ  ANGULAR DISPLACEMENT  
1 WOOD  .111111111/1ffill====.11011ii  
RANGE OF MEAN VALUES  
MAX=  8.939 V 79.5 z  
MIN=  8.887 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.276 0 96 x  
MIN=  8.889 9 1.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.895 0 77 x  
MIN=  0.034 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.288 0 96 x  
MIN=  8.843 0 2 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.881 0 73 z  
MIN=  0.050 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.261 0 96 z  
MIN=  0.065 0 15 z  
Figure T.40. Ensembled plot for right wrist projected onto frontal plane angular 
displacement. 556 
R_WRIST_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  4.995 P 9  MIN=  0.009 P 38.5  MAX= 18.113 8 18  MIN=  8.886 g 86  
T-1 US 3 (NORMALIZED TIME)  
MAX=  1.678 P 7.5  MIN= -1.838 g 95.5  
R_WRIST_XY  ANGULAR DISPLACEMENT  
1-1 US 8 (NORMALIZED TIME)  
MAX=  3.205 P 9  MIN= -Z.331 a 94.5  
11111111 n1111=1  moo 
1-3 US 8 (NORMALIZED TIME)  
MAX=  1.789 8 15  MIN= -1.588 g 94.5  
T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  Z.655 P 8  MIN= -8.392 g 100  
T-1 US 8 (NORMALIZED TIME R VALUE)  
MAX=  4.281 P 9.5  MIN= -1.389 8 94  
1-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  2.335 8 14  MIN= -1.801 g 94  
JP  
Figure T.41. Continuous statistical plot for right wrist projected onto transverse plane 
angular displacement. 557 
NORMALIZED TIME  R_WRIST_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  151.861 g 30.5 z  
MIN=  -97.528 @ 74.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  41.503 g 87.5 z  
MIN=  6.781 g 100 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  152.823 @ 29 x  
MIN=  -89.046 @ 74 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  40.726 g 52 x  
MIN=  16.644 @ 36.5 z  
11111111111111111  111111811111MONII  NMI 
8 IRON  
RANGE OF MEAN VALUES  
MAX=  151.358 @ 30 x  
MIN=  -77.775 @ 74.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  42.685 @ 51.5 z  
MIN=  9.657 @ 31 v.  
I  
NORMALIZED TIME d VALUE  R_WRIST_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.988 g 38.5 z  
MIM=  8.615 g 74.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.138 g 55.5 x  
MIM=  8.009 g 31 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.983 g 29.5 z  
MIN=  0.816 @ 74 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.143 g 5Z x  
MIN=  0.014 u 7Z.5  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.983 @ 38 x  
MIN=  0.013 @ 74.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.154 @ 51.5 z  
MIN=  0.013 @ 29.5 x  
Figure T.42. Ensembled plot for right wrist transverse plane projected onto transverse 
plane angular displacement. 558 
1 
L_KNEE_XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  1.593 P 79.5  MIN=  8.834 0 94  MAX=  2.137 P 95  MIN=  8.2Z3 9 68  
T-1 VS 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  8.114 8 1  MIN= -1.388 P 75.5  MAX=  1.913 9 59  MIM= -1.869 8 74.5  
L_ENEE_XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX= -0.Z45 P 93.5  MIN= -1.591 P 67.5  MAX=  Z.443 Q 95.5  MIN= -8.851 8 78  
11111111111Imiliii. 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  0.Z77 P 89  MIN= -1.896 P .5  MAX=  8.751 P 86.5  MIM= -1.Z87 8 58.5  
Figure T.43. Continuous statistical plot for left knee projected onto frontal plane angular 
displacement. 559 
NORMALIZED TIME  L_KNEE_X2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  194.934 @ 95 z  
MIN=  164.401 @ 69 */.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.879 @ 81.5 z  
MIN=  6.873 @ 21.5  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  195.488 @ 95.5 x  
MIN=  169.199 @ 67 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.385 @ 82.5 z  
MIN=  5.628 @ 11  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  196.772 @ 98 x  
MIN=  178.749 @ 69 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.953 @ 188 z  
MIN=  5.292 @ 8.5 z  
NORMALIZED TIME & VALUE  L_KNEE_X2  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.971 V 95 v.  
MIN=  8.826 V 69 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.228 @ 84.5 z  
MIN=  8.827 V 95.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.985 V 95.5 x  
MIN=  8.825 V 66.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.212 V .5 x  
MIN=  0.033 @ 68 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.912 @ 96.5 z  
MIN=  0.035 @ 68.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.233 @ .5 z  
MIN=  0.019 @ 70  
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Figure T.44. Ensembled plot for left knee projected onto frontal plane angular 
displacement. 560 
LJNEE_YZ ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX=  1.267 9 78  MIN=  0.817  .5  MAX=  2.311 Q 48  MIN=  8.154 0 91 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME R VALUE) 
MAX=  1.296 0 86  MIN= -8.594  46.5  MAX=  8.881 @ 84.5  MIN= -1.928  58.5 
$111111.11=11111111111110 
L_XNEE_YZ  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.597 Q 77.5  MIN= -8.127 Q 25.5  MAX=  1.127 9 99  MIN= -1.896 g 28.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.292 0 51  MIN= -8.132 8 95  MAX=  8.996 0 188  MIN= -1.615 8 83  
Figure T.45. Continuous statistical plot for left knee projected onto sagittal plane angular 
displacement. 561 
NORMALIZED TIME  L_KNEE_YZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  228.750 P 77 x  
MIN=  195.904 P 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.591 P 100 x  
MIN=  4.119 P 80 x  
3 IRON  
RAMGE OF MEAN VALUES  
MAX=  226.858 P 75 x  
MIN=  193.385 g 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.073 P 108 x  
MIN=  3.708 C 20 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  225.518 P 76 x  
MIN=  191.652 g 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.964 0 108 z  
MIN=  4.478 P 66 x  
NORMALIZED TIME & VALUE  L_XNEE_YZ  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.965 0 77.5 x  
MIN=  8.028 g 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.195 P Z4.5 z  
MIN=  8.836 0 80.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.968 P 76 x  
MIN=  0.074 0 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.203 g 16 %  
MIN=  0.027 0 77 X  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.972 8 76 x  
MIN=  8.818 0 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.177 P .5 x  
MIN=  8.023 0 78 x  
ANGULAR DISPLACEMENT  
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Figure T.46. Ensembled plot for left knee projected onto sagittal plane angular 
displacement. 562 
L_ELBOW_XZ  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME d VALUE) 
MAX=  2.693 P 83.5  MIN=  0.020 P 46.5  MAX=  2.598  93  MIN=  8.829 0 89 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  0.894 8 76  MIN= -1.945 P 100  MAX=  1.050 8 29  MIN= -1.879 8 108  
L_ELBOW_XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME R VALUE)  
MAX=  2.197 0 83.5  MIN= -1.747 0 108  MAX=  1.706 8 84  MIN= -1.972 0 93  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME R UALUE)  
MAX=  1.785 P 83.5  MIN= -0.134 P 93  MAX=  1.517 8 84  MIN= -0.923 8 29  
Figure T.47. Continuous statistical plot for left elbow projected onto frontal plane angular 
displacement. 563 
NORMALIZED TIME  L_ELBOW_X2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  212.536 g 76 x  
MIN=  178.272 g 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  14.216 g 96 x  
MIN=  3.534 g 2.5 x  
3 IRON  
RANGE OF MEAM VALUES  
MAX=  218.596 0 83.5 x  
MIN=  179.726 g .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.813 g 99 x  
MIN=  4.312 @ 4.5 x  
8 IROM  
RANGE OF MEAN VALUES  
MAX=  205.188 @ 92.5 x  
MIM=  178.283 g .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.582 g 95.5 x  
MIN=  4.119 g 7 x  
NORMALIZED TIME d VALUE  L_ELBOW_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.854 0 77.5 x  
MIM=  8.181 g .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.266 0 95.5 x  
MIM=  8.189 0 31.5 x  
3 IRON  
RANGE OF MEAM VALUES  
MAX=  8.843 g 83.5 x  
8.880 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.254 0 98 x  
MIN=  8.886 g 4.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.779 @ 92.5 z  
MIN=  8.870 g .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.283 0 81 z  
MIN=  8.864 @ 3 x  
Figure T.48. Ensembled plot for left elbow projected onto frontal plane angular 
displacement. 564 
L_ELBOW_XY  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE) 
MAX=  6.471 P 91.5  MIN=  8.813 P 33.5  MAX=  5.299 P 9.5  MIN=  8.057  69 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 VALUE)  
MAX=  8.723 P 1  MIN= -3.859 0 92.5  MAX=  1.662 0 180  MIN= -2.231 g 94  
f  1 V   111  
L_ELBOW_XY  ANGULAR DISPLACEMENT  
T-1 US 5 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  1.853 P 12  MIM= -3.377 P 88  MAX=  2.722 8 18  MIN= -8.895 a 9Z.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME it VALUE)  
MAX=  1.387 g 13.5  MIN= -1.582 P 87  MAX=  2.599  7  MIM= -1.865 g 99  
411010111111101 
Figure T.49. Continuous statistical plot for left elbow projected onto transverse plane 
angular displacement. 565 
NORMALIZED TIME  L_ELBOW_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  198.367 @ ZZ x  
MIN=  153.512 @ 75.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  40.941 @ 99 x  
MIN=  6.237 @ 40.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  196.986 @ 20.5 x  
MIN=  162.815 @ 74 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  72.581 @ 188 x  
MIN=  6.296 @ 44.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  216.695 0 188 x  
MIN=  169.172 @ 75.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  96.367 @ 108 z  
MIN=  4.691 @ 58 x  
NORMALIZED TIME a VALUE  L_ELBOW_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.831 @ 21 z  
MIN=  8.285 @ 75.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.347 V 188 x  
MIN=  8.144 @ 38 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.821 @ 19 z  
MIN=  0.249 @ 97.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.338 V 99 x  
MIN=  8.148 @ 45.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.639 @ 28 z  
MIN=  8.315 @ 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.395 P 188 x  
MIN=  0.158 @ 95 v.  
Figure T.50. Ensembled plot for left elbow projected onto transverse plane angular 
displacement. 566 
L_WRIST XZ  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME A VALUE) 
MAX=  8.623 P 88  MIN=  8.888 P 43  MAX=  3.109 8 60.5  MIN=  8.861 8 91.5 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  2.484 8 88  MIN= -0.679 P .5  MAX=  0.837 8 188  MIN= -1.817 8 .5  
L_WRIST_XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME A VALUE)  
MAX=  3.886 8 88  MIN= -1.394 8 .5  MAX=  8.473 8 89.5  MIN= -2.392 a 72  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  1.728 P 88  MIN= -1.047 E 100  MAX=  0.544 P 10  MIN= -1.824 8 84  
41-
Figure T.51. Continuous statistical plot for left wrist projected onto frontal plane angular 
displacement. 567 
NORMALIZED TIME  L_WRIST_X2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  295.898 8 88 z  
MIN=  172.825 Q .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  17.885 Q 93 x  
MIN=  6.635 Q 21.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  287.174 V 88 x  
MIN=  174.582 @ 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  16.178 Q 92.5 x  
MIN=  6.636 8 88 x  
-mallThill=1111111111111111111101111111Mrrerramarli 8 IRON  
RANGE OF MEAN VALUES  
MAX=  283.226 V 87 x  
MIN=  176.393 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.588 B 98 x  
MIN=  3.778 @ 86.5 x  
NORMALIZED TIME lI VALUE  L_WRIST_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.969 V 88 x  
MIN=  8.812 V .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.128 V 46 x  
MIN=  8.821 Q .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.965 Q 88 x  
MIN=  8.851 V .5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.111 V 44.5 x  
MIN=  8.837 P 88 X  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.973 8 87 x  
MIN=  8.839 8 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.893 P 97.5 x  
MIN=  0.021 El 87.5 x  
Figure T.52. Ensembled plot for left wrist projected onto frontal plane angular 
displacement. 568 
L_WRIST_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  2.659 P .5  MIN=  8.895 P 57  MAX=  5.626 P 1.5  MIN=  0.011 P 38.5  
1-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX= -8.282 O 57  MIN= -1.598 P .5  MAX=  1.525 P 58.5  MIN= -Z.Z14 P 1  
7 T   1  
L_WRIST_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  1-1 US 8 (NORMALIZED TIME & VALUE)  
MAX= -8.343 P 57.5  MIN= -1.811 P .5  MAX=  1.568 P 73  MIN= -2.896 P 2  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.861 8 73.5  MIN= -2.554 P 14  MAX=  8.875 P 73  MIN= -Z.399 8 94.5  
fi  
Figure T.53. Continuous statistical plot for left wrist projected onto transverse plane 
angular displacement. 569 
NORMALIZED TIME  L_WRIST_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  Z59.734 Q 4.5 x  
MIN=  32.453 Q 85 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  186.365 EP 99 x  
MIN=  69.529 Q 3 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  294.591 Q .5 z  
MIN=  58.884 8 84.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  35.585 0 99.5 x  
MIN=  9.473 N 15.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  298.337 8 .5 x  
MIN=  55.758 0 83.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  48.352 0 100 z  
MIN=  7.551 8 15 x  
NORMALIZED TIME A VALUE  L_WRIST_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.976 9 4 x  
MIN=  8.838 0 85 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.172 0 99 z  
MIN=  8.821 0 3 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.994 9 .5 x  
MIN=  8.049 0 84.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.168 9 188 x  
MIN=  8.811 0 1.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.995 0 .5 x  
MIN=  8.843 V 83.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.283 Q 188 x  
MIN=  8.085 0 2.5 z  
Figure T.54. Ensembled plot for left wrist projected onto transverse plane angular 
displacement. 570 
L_PENDULUM_X2  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 1Z.350 8 87  MIN=  8.005 P 43  MAX=  4.265 P 95.5  MIN=  0.2Z1 Q 89.5  
T-1 VS 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  Z.493 P 87.5  MIN= -1.098 P .5  MAX=  0.514 9 89  MIN= -2.096 P .5  
L_PEMDULUM_XZ  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  4.948 EP 87  MIN= -1.640 I?  .5  MAX= -0.075 P 89  MIN= -2.811 P 95.  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  Z.533  87  MIN= -1.344 El 100  MAX=  1.228  9  MIN= -1.411 8 95.5  
Figure T.55. Continuous statistical plot for left pendulum projected onto frontal plane 
angular displacement. 571 
NORMALIZED TIME  L_PENDULUM_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  388.839 @ 87.5 x  
MIN=  172.864 0 .5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  19.348 @ 92.5 z  
MIN=  5.523 @ .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  308.682 0 87.5 %  
MIN=  174.845 0 .5 x  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  16.020 0 92 x  
MIM=  6.241 0 .5 x  
1111111111111111111111111111111111.1.411111.1111 8 IRON  
RANGE OF MEAN VALUES  
MAX=  293.598 0 87 x  
MIN=  175.518 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  12.087 0 92.5 x  
MIN=  4.154 @ .5 x  
NORMALIZED TIME a VALUE  L_PENDULUM_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.973 @ 87.5 x  
MIN=  0.083 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.126 @ 47 x  
MIM=  8.085 0 1 x  
Jimirmill1011111111111111M771111191111111111111 3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.971 0 87.5 %  
MIN=  8.824 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.187 0 45 x  
MIM=  0.824 @ 87.5 z  
t  8 'ROM  
RANGE OF MEAN VALUES  
MAX=  8.979 0 87 x  
MIN=  8.012 P .5 x  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  8.891 0 47.5 x  
MIN=  8.816 @ 1 x  
Figure T.56. Ensembled plot for left pendulum projected onto frontal plane angular 
displacement. 572 
L_PENDULUM_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME do VALUE)  
MAX=  6.181 @ 95  MIN=  0.012 @ 99  MAX=  5.308 8 94.5  MIN=  0.005 @ 98.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME R VALUE)  
MAX=  1.588 @ 58  MIN= -1.618 El 95.5  MAX=  2.Z84 @ 8  MIN= -2.001 @ 1  
L_PENDULUM_XY ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.241 @ 58  MIN= -3.692 @ 95  MAX=  2.070 @ 12.5  MIN= -3.268 CO 94.5  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  0.435 @ 74  MIN= -1.800 R 95  MAX=  1.143 @ 74  MIN= -1.683 0 94  
Figure T.57. Continuous statistical plot for left pendulum projected onto transverse plane 
angular displacement. 573 
NORMALIZED TIME  L_PENDULUM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  298.294 P 5 z  
MIN=  51.236 I? 84.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  32.813 P 54 x  
MIN=  9.893 P 86 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  289.898 0 1 x  
MIN=  51.635 8 83 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  32.913 P 51.5 x  
MIN=  11.Z35 I! 38.5 x  
11111111111111=11111Millim1111011111111111111 8 IRON  
RANGE OF MEAN VALUES  
MAX=  294.988 8 2 z  
MIM=  51.855 8 74 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  40.729 8 188 z  
MIM=  7.884 EP 26 x  
NORMALIZED TIME a VALUE  L_PEMDULUM_ Y  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.995 P 5 z  
MIN=  8.823 0 84.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.161 a 54 z  
MIM=  8.886 P 4 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.997 0 1 x  
MIM=  8.832 P 83.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.148 0 51 x  
MIN=  8.882 8 Z.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.995 0 2 z  
MIM=  8.825 0 74 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.165 8 188 z  
MIM=  0.005 P 4.5 x  
Figure T.58. Ensembled plot for left pendulum projected onto transverse plane angular 
displacement. 574 
SHOULDER_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME 8 VALUE)  
MAX=  4.73Z 0 47.5  MIN=  0.004 0 95.5  MAX=  3.017 0 72.5  MIN=  0.000 0 108  
1-1 US 3 (NORMALIZED TIME)  1-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.639 0 56.5  MIN= -0.865 0 100  MAX=  0.699 0 1  MIN= -0.162 0 99  
ti  
II  1  
SHOULDER_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  1-1 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  3.048 0 48  MIN= -1.576 0 100  MAX=  2.287 0 72  MIN= -8.4% 0 99.5  
swor  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.558 0 48.5  MIN= -0.936 P 108  MAX=  1.578 0 72.5  MIN= -0.382 0 99.5  
Figure T.59. Continuous statistical plot for shoulder segment projected onto transverse 
plane angular displacement. 575 
NORMALIZED TIME  SHOULDER_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  113.511 g 72.5 z  
MIN=  29.468 P 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.719 P 86 x  
MIN=  4.688 g .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  187.925 P 72.5 v.  
MIN=  -Z7.158 P 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.891 g 85 x  
MIN=  4.057 0 .5 x  
IRON  
RANGE OF MEAN VALUES  
MAX=  182.886 P 72.5 z  
MIN=  -24.428 0 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  13.245 8 87 x  
MIN=  4.833 g .5  
NORMALIZED TIME & VALUE  SHOULDER_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.995 g 72.5 z  
MIN=  8.888 g 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.879 g 87.5 z  
MIN=  8.888 g 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.993 g 72.5 x  
MIN=  0.000 8 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.881 g 91 x  
MIN=  0.088 g 188 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.985 Q 72.5 x  
MIN=  8.008 g 188  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.895 g 88 z  
MIN=  8.088 g 188 x  
Figure T.60. Ensembled plot for shoulder segment projected onto transverse plane 
angular displacement. 576 
HIP XY  ANGULAR DISPLACEMENT  
F (171ORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  4.215 11 74  MIN=  8.067 8 91.5  MAX=  2.497 P 33.5  MIN=  0.088 9 180  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  2.435  59.5  MIN=  8.395 P 98  MAX=  8.819 8 7Z  MIN= -2.218 9 34  
HIP_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  2.646 Q 72.5  MIN= -2.383 P 189  MAX=  1.218 9 78.5  MIN= -1.897 9 99.5  
.  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.223 V 31  MiN. -2.231 P 108  MAX=  1.871 0 1  MIN= -0.484 6 61  
Figure T.61. Continuous statistical plot for hip segment projected onto transverse plane 
angular displacement. 577 
NORMALIZED TIME  HIP_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  51.385 U 68.5 x  
MIN=  -46.848 U 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  11.506 U 93 x  
MIN=  4.143 U 61 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  46.549 0 67 x  
MIN=  -45.612 8 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  18.603 U 94 x  
MIN=  3.924 0 35 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  45.977 8 66 x  
MIN=  -39.951 0 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  9.537 0 95.5 x  
MIN=  3.104 0 76.5 x  
NORMALIZED TIME A VALUE  HIP_XY  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.992 0 68.5 x  
MIN=  8.888 U 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.892 U 92.5 x  
MIN=  0.808 U 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.992 U 66.5 x  
MIN=  0.000 0 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.099 U 92 x  
MIN=  0.000 l 108 X  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.998 0 66 x  
MIN=  8.808 0 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.101 0 95 x  
MIN=  0.8813 U 188 x  
-1 
ANGULAR DISPLACEMENT  
1111101111111111111111110111111  
11111111111111... 
H  
1111=1.111111°  
41111.............1111111110111111r  
=111r 11111111111111116,  
Ink 
Figure T.62. Ensembled plot for hip segment projected onto transverse plane angular 
displacement. 578 
XNEE_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  1.081 P 98  MIN=  0.011 P 45  MAX=  1.648 I? 54.5  MIM=  0.000 P 100  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 UALUE)  
MAX=  1.318 8 97.5  MIN= -0.266 P 22  MAX=  1.202 P 99.5  MIM= -1.787 GI 54.5  
....1111111111111111111111111111111L-.. 
XNEE_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a UALUE)  
MAX=  1.421 P 99  MIN= -0.203 P Z8.5  MAX=  0.723 P 99.5  MIM= -1.338 EP 68.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.865 P .5  MIN= -0.677 P 83  MAX=  1.081 8 .5  MIM= -8.561 P %  
Figure T.63. Continuous statistical plot for knee segment projected onto transverse plane 
angular displacement. 579 
NORMALIZED TIME  KNEE_XY  ANGULAR DISPLACEMENT  
1 WOOD  111111111111111111!"  
RANGE OF MEAN VALUES  
MAX=  36.615 V 78 x  
MIN=  38.745 @ 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.641 V 88.5 z  
MIN=  4.254 CP 11.5 x  
1 
3 IRON  
RANGE OF MEM VALUES  
MAX=  34.378 @ 69.5 z  
MIN=  -33.681 @ 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.389 @ 100 z  
MIN=  3.620 @ 77 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  35.189 @ 69 x  
MIN=  34.228 @ 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.141 @ 94 x  
MIN=  3.947 @ 76.5 z  
NORMALIZED TIME & VALUE  KNEE_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.988 @ 70.5 x  
MIN=  8.888 @ 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.883 13 85 x  
MIN=  8.888 @ 188 x  
1 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.998 @ 69.5 x  
MIN=  0.008 @ 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.890 @ 89 x  
MIN=  0.000 V 100  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.989 @ 69.5 x  
MIN=  0.000 @ 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.895 @ 24 x  
MIN=  0.000 @ 100 z  
Figure T.64. Ensembled plot for knee segment projected onto transverse plane angular 
displacement. 580 
R_UPPER-ARM_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  1.111 P .5  MIN=  8.010 P 94   MAX=  3.627  27.5  MIM=  0.035 P 94.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  8.315 P 57.5  MIN= -1.718 P .5  MAX=  8.562 8 92.5  MIM= -2.771  27.5  
R_UPPER-ARM_XY  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME  VALUE)  
MAX=  0.812 Q 92.5  MIN= -0.984 Q 13.5  MAX=  8.597 9 11.5  MIM= -1.510 0 97.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  0.889  17.5  MIM= -0.475 8 86.5  MAX=  1.495 @ 19.5  MIM= -0.843  86.5  
Figure T.65. Continuous statistical plot for right upper arm segment projected onto 
transverse plane angular displacement. 5S1 
NORMALIZED TIME  R_OPPER-ARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  32.511 8 82 x  
MIN=  -128.749 U 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  176.185 8 74 x  
MIN=  15.784 8 5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  42.462 0 Z7.5 x  
MIN=  -114.744 U 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  164.144 0 188 x  
MIN=  13.724 U .5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  45.886 U 33.5 x  
MIN=  -87.869 U 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  158.798 U 94.5 x  
MIN=  21.922 U 2.5 z  
NORMALIZED TIME d VALUE  R_UPPER-ARM XV  ANGULAR DISPLACEMENT  
1 WOOD   =====r  
RANGE OF MEAN VALUES  
MAX=  8.745 U 82 x  
MIN=  8.835 U 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.418 U .5 x  
MIN=  8.856 U 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.883 U 28.5 x  
MIN=  0.062 U 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.422 U .5 x  
MIN=  8.188 U 108 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.888 U 86 x  
MIN=  8.847 P 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.373 U .5 x  
MIN=  8.868 U 188 x  
Figure T.66. Ensembled plot for right upper arm segment projected onto transverse plane 
angular displacement. 582 
R_FOREARM_XY  AMGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  3.361 0 14.5  MIN=  0.016 0 72  MAX=  3.488 0 73  MIN=  0.011 0 12  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  0.991 0 53.5  MIN= -0.736 0 99  MAX=  0.899 0 5  MIN= -2.222 0 99.5  
R_FOREARM_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.152 0 1Z  MIN=  8.140 0 73  MAX=  1.091 0 53.5  MIN= -2.577 0 73.5  
1-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.488 0 15  MIN=  8.129 0 71.5  MAX=  1.226 0 18.5  MIM= -1.956 0 72  
--1111.11111 
Figure T.67. Continuous statistical plot for right forearm segment projected onto 
transverse plane angular displacement. 583 
NORMALIZED TIME  R_FOREARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  161.022 U 49.5 z  
MIN=  13.812 U 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  43.304 0 86.5 x  
MIN=  19.532 U 93.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  152.721 0 48 x  
MIN=  12.082 8 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  34.319 U 67 x  
MIN=  14.854 U 100 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  123.268 P 47 x  
MIN=  1.537 El  .5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  83.574 U 51 z  
MIN=  16.324 0 .5 x  
NORMALIZED TIME d VALUE  R_FOREARM_X  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.988 U 49.5 z  
MIN=  0.029 9 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.180 g 81.5 x  
MIN=  0.013 8 49 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.991 9 48 x  
MIN=  0.836 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.192 El 81.5 x  
MIN=  0.889 9 45.5 X  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.913 g 47 x  
MIN=  8.106 El  .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.251 g 48 z  
MIN=  8.113 C 96.5 z  
Figure T.68. Ensembled plot for right forearm segment projected onto transverse plane 
angular displacement. 584 
L_UPPER-ARM_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  0.929 8 99  MIN=  0.002 8 33  MAX=  3.058 Q 95  MIM=  8.843 8 86.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a UALUE)  
MAX=  0.550 8 88  MIN= -1.191 8 .5  MAX=  1.047  67  MIN= -2.367 8 94  
L_UPPER-ARM_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME X VALUE)  
MAX=  0.796 Q 73.5  MIN= -1.01? Q 95  MAX=  1.574 61 74  MIM=  2.388 8 95  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME R VALUE)  
MAX=  8.477 O .5  MIN= -1.282 8 99  MAX=  8.829 P 46.5  MIN= -1.487 0 98.5  
Figure T.69. Continuous statistical plot for left upper arm segment projected onto 
transverse plane angular displacement. 585 
NORMALIZED TIME  L_UPPER-ARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  31.484 V 73 x  
MIN=  -148.547 P 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  49.584 P 94.5 x  
MIM=  23.982 I? 5.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  28.885 0 73 x  
MIN=  -149.679 8 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  52.428 Q 73.5 x  
MIN=  27.372 La 4 x  
...01111.111111111111111111111=11111111, 8 IRON  
RANGE OF MEAN VALUES  
=S.
MAX=  15.758 g 72.5  
MIM=  128.286 8 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  64.782 0 98.5 x  
MIN=  26.368 8 3 z  
NORMALIZED TIME d VALUE  L_UPPER-ARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.964 V 73 x  
MIN=  8.888 g 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.189 0 .5 x  
MIN=  8.888 0 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.927 0 73.5 x  
MIM=  0.000 8 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.134 P .5 x  
MIN=  0.800 8 188 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.915 P 72.5  
MIN=  8.857 P 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.235 8 .5  
MIN=  8.887 P 78 x  
Figure T.70. Ensembled plot for left upper arm segment projected onto transverse plane 
angular displacement. 586 
L_FOREARM_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME 8c VALUE)  
MAX=  5.933 P 74.5  MIN=  0.001 P 1  MAX=  3.184 P .5  MIM=  0.001 9 81  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  2.178 P 75.5  MIM= 0.154 P 100  MAX=  1.117 P 99  MIN= 1.823 0 .5  
L_FOREARM_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME R VALUE)  
MAX=  3.538 P 74  MIM= 0.028 a .5  MAX=  1.159 P 74  MIN= 2.423 a .5  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  1.282 9 74  MIM= 8.328 9 9  MAX=  0.478 8 86  MIM= 1.457 U 11.5  
Figure T.71. Continuous statistical plot for left forearm segment projected onto transverse 
plane angular displacement. 587 
NORMALIZED TIME  L_FOREARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  78.256 P 75 z  
MIN=  -123.907 V 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  58.636 P 99 z  
MIN=  14.261 P 3 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  48.298 9 74 z  
MIN=  -120.517 8 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  54.476 V 99 x  
MIN=  28.669 8 1 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  27.767 P 74 z  
MIN=  -127.363 8 180 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  69.566 61 180 z  
MIN=  25.891 ki  .5 x  
NORMALIZED TIME & VALUE  L_FOREARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.984 EP 74.5 x  
MIN=  8.818 P 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.178 V 4 z  
MIN=  8.815 a 74 x  
3 IRON  _2111111111111=1111111111111111111111111111111111 
RANGE OF MEAN VALUES  
MAX=  8.974 V 74 X  
MIN=  8.800 8 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.173 @ .5 x  
min=  0.000 to 100 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.978 V 74.5 z  
MIN=  0.886 8 180 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.195 8 .5 z  
MIN=  8.019 W 188 z  
Figure T.72. Ensembled statistical plot for left forearm projected onto transverse plane 
angular displacement. 588 
L_ARM_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  2.796 P 74.5  MIN=  0.035 P 99.5  MAX=  2.753 P 96  MIN=  0.016 P 8Z.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & UALUE)  
MAX=  1.614 P 74  MIN= -8.221 P .5  MAX=  0.811 P 77  MIN= -1.276 P .5  
,7111 
L_ARM_XY  ANGULAR DISPLACEMENT 
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME R VALUE)  
MAX=  Z.379 P 74  MIN= -0.971 P .5  MAX=  1.905 P 75  MIN= -Z.379 a 96  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a UALUE)  
MAX=  0.744 0 74.5  MIN= -8.724 P .5  MAX=  0.708 P 74.5  MIN= -1.189 P 96  
Figure T.73. Continuous statistical plot for left arm segment projected onto transverse 
plane angular displacement. 589 
NORMALIZED TIME  L_ARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  62.886 0 74 x  
MIN=  -126.756 @ 180 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  32.188 0 97.5 x  
MIN=  21.080 0 12 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  44.382 0 74 x  
MIN=  -125.781 0 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  58.552 0 98.5 z  
MIN=  23.775 0 .5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  34.858 0 73 x  
MIN=  -121.270 0 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  56.228 0 188 z  
MIN =  22.808 0 4 z  
NORMALIZED TIME & VALUE  L_ARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.990 @ 74 x  
MIN=  8.888 0 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.144 @ .5 x  
MIN=  0.000 0 188 z  
3 IROM  JIMINIIIIIIIIIIIIIIIII1111111111111111111111111111111111111111111 
RANGE OF MEAN VALUES  
MAX=  8.982 @ 74 x  
MIN=  0.000 @ 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.153 @ 4.5 x  
MIN=  8.808 0 108 z  
r111111111111111111111111111 
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.972 0 73.5 z  
MIN=  0.002 0 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.152 0 94.5 z  
MIN=  8.887 0 188 x  
Figure T.74. Ensembled plot for left arm segment projected onto transverse plane angular 
displacement. 590 
GOLF-CLUB_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  7.124 8 79  MIN=  8.004 P 53.5   MAX=  5.229  99.5  MIN=  8.801 P 73.  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.983  78.5  MIN= -2.179  .5  MAX=  1.Z45 P 76  MTH= -1.416 P 99.5  
GOLF-CLUB XY  ANGULAR DISPLACEMENT  
T-1 US 8 iNORMALIZED TIME)  1-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  3.712 Q 78.5  MIN. -3.867 (1  .5  MAX=  1.936 II 76.5  MIN= -2.936 g 99.5  
T-3 VS 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.829 P 80  MIN= -1.982 g 99  MAX=  1.072 g 44.5  MIN= -1.915 P 99.5  
Figure T.75. Continuous statistical plot for golf club segment projected onto transverse 
plane angular displacement. 591 
NORMALIZED TIME  GOLF-CLUB_XY  ANGULAR DISPLACEMENT  
1 WOOD   ...211=1111. 
RANGE OF MEAN VALUES  
MAX=  287.608 0 75 z  
MIN=  -11.237 0 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  36.387 0 54.5 x  
MIN=  4.721 0 .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  279.078 0 74 x  
MIA=  -9.281 0 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  36.448 0 49.5 z  
MIN=  4.999 8 .5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  272.113 0 73.5 x  
MIA=  -5.643 8 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  38.653 0 50.5 z  
MIN=  3.542 8 11 x  
NORMALIZED TIME d VALUE  GOLF-CLUB_X  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.998 0 75 x  
MIN=  8.888 0 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.123 0 54.5 z  
MIN=  8.880 0 180 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.997 a 74 x  
MIN=  0.880 0 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.116 0 51.5 x  
MIN=  0.008 0 188 X  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.997 W 73.5 z  
MIN=  0.083 0 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.126 @ 51 X  
MIN=  0.003 0 73.5 z  
Figure T.76. Ensembled plot for golf club segment projected onto transverse plane 
angular displacement. 592 
ROT-AXIS_YZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  8.286 0 22.5  MIN=  8.115 0 188  MAX=  1.817 0 87.5  MIN=  8.881 0 51.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX= -0.498 0 188  MIN= -0.784 0 Z3.5  MAX=  1.779 0 188  MIN= -8.946 0 27  
ROT-AXIS_YZ  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TINE d VALUE)  
MAX= -8.235 0 78  MIN= -8.418 0  .5  MAX=  8.441 0 100  MIN= -8.465 0 96  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME d VALUE)  
MAX=  8.409 0 Z6  MIN=  8.224 0 188  MAX=  8.9Z9 0 Z8  MIN= -1.984 0 87.5  
-1111111111111111 
Figure T.77. Continuous statistical plot for rotational axis projected onto sagittal plane 
angular displacement. 593 
NORMALIZED TIME  ROT-AXIS_YZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  -1.944 Q 74 x  
MIN=  -6.635 0 4 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  26.971 Q .5 x  
MIN=  18.149 9 75.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  3.783 9 78 x  
MIN=  -8.521  100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  28.379 9 1 x  
MIN=  19.822 0 73.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  0.195 U 76 x  
MIN=  -2.767 0 97.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  30.221 8 .5 x  
MIN=  ZZ.434 8 188 z  
NORMALIZED TIME & VALUE  RUT AXIS_YZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.718 a 73.5 z  
MIN=  8.354 Q 96.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.433 0 .5 x  
MIN=  8.141 V 52 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.632 a 52 x  
MIN=  0.241 0 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.436 0 .5 x  
MIN=  8.126 0 51.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.684 C 76.5 x  
MIN=  0.402 Q 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.448 8 .5 z  
MIN=  8.181 8 52.5 x  
Figure T.78. Ensembled plot for rotational axis projected onto sagittal plane angular 
displacement. 594 
SHOULDER_XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  5.076 @ 65.5  MIN=  0.833 P 88  MAX=  1.770 P 72.5  MIN=  8.888 0 188  
f 71 
T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  1.939 0 59  MIN= -1.568 0 93  MAX=  6.887 0 68.5  MIN= -1.082 0 91.5  
T-1 US 3 (NORMALIZED TIME)  
SHOULDER_XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME d VALUE)  
MAX=  3.322 @ 67  MIN= -1.519 0 93  MAX=  1.935 0 72  MIN= -1.394 @ 92  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.457 0 69  MIN= -0.125 P 180  MAX=  1.138 0 73.5  MIN= -8.388 0 99.5  
Figure T.79. Continuous statistical plot for shoulder segment projected onto frontal plane 
angular displacement. 595 
NORMALIZED TIME  SHOULDER_XZ  ANGULAR DISPLACEMENT 
1 WOOD  .....111111111111.11111111111 Limers 
RANGE OF MEAN VALUES  
MAX=  130.463 g 72.5 z  
MIM=  -41.402 P 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  32.568 P 86 x  
MIN=  4.874 P .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  128.287 P 73 x  
MIM=  -37.866 8 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  30.629 g 85.5 x  
MIN=  3.913 P .5 x  
01111111111,
8 IRON  
RANGE OF MEAN VALUES  
MAX=  189.621 8 73 x  
MIM=  - 37.487 g 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  Z4.804 8 85.5 z  
MIN=  2.031 P 5 x  
NORMALIZED TIME a VALUE  SHOULDER_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.99Z g 72 x  
MIM=  0.000 P 188 z  
RAMGE OF CONFIDENCE INTERVALS  
MAX=  0.159 g 86.5 x  
MIN=  0.000 P 100 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.988 P 73 x  
MIN=  0.000 P 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.142 P 87.5 x  
MIM=  0.080 W 188 X  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.978 8 73 x  
MIM=  0.000 P 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.131 8 87 x  
MIN=  0.000 g 100 x  
Figure T.80. Ensembled plot for shoulder segment projected onto frontal plane angular 
displacement. 596 
HIP_XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  4.078 8 20.5  MIN=  8.875 P 91  MAX=  5.428 8 39.5  MIN=  8.837 8 59  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME 8 VALUE)  
MAX=  1.415 P 58.5  MIN= -1.391 P 99.5  MAX=  8.926 P 82.5  MIN= -3.337 8 66  
HIP_XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.343  18  MIN= -1.941  188  MAX=  1.9Z2 P 93  MIN= -1.969 Q 188  
T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  2.894 8 28  MIN= -8.488 GI 188  MAX=  3.449 P 48.5  MIN= -8.668 GI 79  
T-3 US 8 (NORMALIZED TIME)  
Figure T.81. Continuous statistical plot for hip segment projected onto frontal plane 
angular displacement. 597 
NORMALIZED TIME  HIP_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  21.389 Q 66 x  
MIN=  -10.020 P 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.888 @ 75 z  
MIN=  2.643 a .5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  18.247 El 66 z  
MIN=  -6.642 8 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.601 Q 93.5 x  
MIN=  2.578 P 5.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  17.273 P 65.5 z  
MIN=  -5.826 0 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.845 V 64.5 z  
MIA=  1.686 8 10.5 z  
NORMALIZED TIME & VALUE  HIP_XZ ANCLAR DISPLACEMENT 
1 WOOD  IMMIMMOL...  .111= 
RANGE OF MEAN VALUES 
MAX=  0.961 a 65.5 z 
MIN=  8.822 V 100 z 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.139 V .5 z 
MIN=  0.023 a 66 x 
3 IRON 
1111111111.11111p111111011111 
111 
RANGE OF MEAN UALUES 
MAX=  8.988 a 66 x 
MIN=  0.879 V 108 z 
RANGE OF CONFIDENCE INTERVALS 
MAX=  0.156 Q .5 x 
MIA=  8.813 8 66.5 x 
Walk 
8 IRON 
RANGE OF MEAN VALUES 
MAX=  0.973 ki 65.5 z 
MIN=  8.057 Q 96.5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.158 8 .5 z 
MIN=  8.823 8 68 x 
Figure T.82. Ensembled plot for hip segment projected onto frontal plane angular 
displacement. 598 
XNEE_XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  2.700 0 88.5  MIN=  8.883 9 66  MAX=  1.464 U 88  MIM=  0.000 0 8.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX= -0.023 9 61  MIM= -1.741 8 26  MAX=  0.284 0 68  MIN= -8.978 8 96  
J11111111111111---, 
XNEE_XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.279 9 88.5  MIN= -8.718 9 .5  MAX=  1.317 0 88  MIN= -0.592 0 35.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  2.279 8 88.5  MIN=  8.432 0 65.5  MAX=  1.734 0 87.5  MIM= -8.468 0 67  
Figure T.83. Continuous statistical plot for knee segment projected onto frontal plane 
angular displacement. 599 
NORMALIZED TIME  KMEE_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  18.816 P 66.5 z  
MIN=  -2.386 P 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.838 P 65.5 z  
MIN=  2.469 8 27.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  10.443 EP 69 x  
MIN=  -0.882 8 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  5.988 a 71.5 z  
MIN=  1.694 P 14 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  9.439 8 67 x  
MIM=  -2.868 8 97 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  4.653 P 56 x  
AIM=  1.538 8 15 x  
NORMALIZED TIME & VALUE  XMEE_X2  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.988 P 66.5 x  
MIN=  8.171 P 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.243 P 63.5 z  
MIN=  8.125 P 99.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.891 a 68 x  
MIN=  8.193 8 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.247 a .5 x  
MIM=  8.148 8 83.5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.928 V 67.5 z  
MIN=  8.171 8 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.261 8 56 x  
MIN=  8.119 P 88 x  
11111111111111111111111r`  
ANGULAR DISPLACEMENT  
Figure T.84. Ensembled plot for knee segment projected onto frontal plane angular 
displacement. 600 
R_UPPER-ARM_X2  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME a VALUE)  
MAX=  1.826  96  MIN=  8.152 P 38.5  MAX=  1.163 P 77.5  MIM=  0.000 0 84.5  
T-1 US 3 (NORMALIZED TIME)  
MAX=  0.831 0 86  M1M= -1.075 P 188  
7   11111  
R_UPPER-ARM XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  
MAX=  1.242 @ 67  MIM= -0.518 V .5  
T-3 US 8 (NORMALIZED TIME)  
MAX=  1.249 0 71  MIN=  8.275 P .5  
T-1 US 3 (NORMALIZED TIME a VALUE)  
MAX=  8.341 0 94.5  MIM= -1.399 @ 188  
T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  8.672 8 96  MIM= -1.446 @ 100  
T-3 VS 8 (NORMALIZED TIME a VALUE)  
MAX=  8.469 0 72  MIM= -1.158 0 78  
Figure T.85. Continuous statistical plot for right upper arm segment projected onto 
frontal plane angular displacement. 601 
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Figure T.86. Ensembled plot for right upper arm segment projected onto frontal plane 
angular displacement. 
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Figure T.87. Continuous statistical plot for right forearm segment projected onto frontal 
plane angular displacement. 603 
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Figure T.88. Ensembled plot for right forearm segment projected onto frontal plane 
angular displacement. 604 
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Figure T.89. Continuous statistical plot for left upper arm segment projected onto frontal 
plane angular displacement. 605 
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Figure T.90. Ensembled plot for left upper arm segment projected onto frontal plane 
angular displacement. 606 
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T-1 US 8 iNORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  3.512 Q 72  MIN= -2.113 P 188  MAX=  1.885 P 12.5  MIN= -1.211 9 188  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME a VALUE)  
MAX=  1.773 0 69.5  MIN=  8.1332 P .5  MAX=  1.242 9 73  MIN= -8.519 9 45.5  
Figure T.91. Continuous statistical plot for left forearm segment projected onto frontal 
plane angular displacement. 607 
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Figure T.92. Ensembled plot for left forearm segment projected onto frontal plane angular 
displacement. 608 
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111111111.11ME 
1-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME d VALUE)  
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Figure T.93. Continuous statistical plot for left arm segment projected onto frontal plane 
angular displacement. 609 
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RANGE OF CONFIDENCE INTERVALS  
MAX=  21.239 @ 87 z  
MIN=  3.585 @ .5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  154.884 @ 74 x  
MIN=  -6.694 @ 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  16.539 @ 87 x  
MIN=  3.779 @ .5 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  147.515 @ 74 z  
MIN=  -7.516 @ 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.276 @ 86 z  
MIN=  3.522 0 2.5 z  
NORMALIZED TIME A VALUE  L_ARM_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.991 fi 74 x  
MIN=  8.888 @ 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.106 9 88 %  
MIN=  8.888 @ 188 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.994 @ 74 z  
MIN=  0.000 @ 100 x  
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Figure T.94. Ensembled plot for left arm segment projected onto frontal plane angular 
displacement. 610 
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MAX=  8.539 @ 99.5  MIN= -1.833 @ 33.5  
T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  8.745 @ 88.5  MIN= -1.4% @ 36.5  
T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  1.287 @ 13  MIN= -1.844 @ 100  
Figure T.95. Continuous statistical plot for golf club segment projected onto frontal plane 
angular displacement. 611 
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MIM=  3.280 P .5 z  
NORMALIZED TIME d VALUE  GOLF-CLUB_X2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.992 V 76 x  
MIM=  8.888 P 100  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.188 0 92.5 x  
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MAX=  8.994 V 75.5 x  
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RANGE OF CONFIDENCE INTERVALS  
MAX=  8.893 V 92 x  
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Figure T.96. Ensembled plot for golf club segment projected onto frontal plane angular 
displacement. 612 
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T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX= 8.863 8 68  MIN= 8.792 8 188  MAX=  1.386 0 19  MIN= 8.376 8 188  
Figure T.97. Continuous statistical plot for rotational axis segment projected onto frontal 
plane angular displacement. 613 
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Figure T.98. Ensembled plot for rotational axis segment projected onto frontal plane 
angular displacement. 614 
SHOULDER/HIP XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
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MAX=  1.232 8 59  MIN= -1.787 P 93  MAX=  6.829 P 99.5  MIM= -1.388 8 92  
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T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  1.218 8 74.5  MIN= -0.888 8 29  MAX=  1.105 8 75  MIM= -1.486 8 98.5  
Figure T.99. Continuous statistical plot for shoulder vs. hip segment projected onto 
frontal plane angular displacement. 615 
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MIN=  8.888 8 188  
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Figure T.100. Ensembled plot for shoulder vs. hip segment projected onto frontal plane 
angular displacement. -------
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Figure T.101. Continuous statistical plot for shoulder vs. hip segment projected onto 
transverse plane angular displacement. r)  7 
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Figure T.102. Ensembled plot for shoulder vs. hip segment projected onto transverse 
plane angular displacement. 618 
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T.103. Continuous statistical plot for shoulder vs. knee segment projected onto 
frontal plane angular displacement. 
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MAX=  29.336 @ 85.5  
MIN=  3.845 @ 2.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  181.568 @ 74.5  
MIN=  - 35.859 Q 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  24.064 0 86 z.  
MIN=  2.698 0 .5  
NORMALIZED TIME a VALUE  SHOULDER/XNEE_Xi  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.987 @ 73.5 x  
MIN.  8.008 V 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.168 V 87  
MIN=  8.808 @ 188 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.984 @ 74 '4  
MIN=  8.880 @ 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.151 @ 88 x  
MIN=  0.080 0 10B z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.977 @ 74.5  
MIN=  8.808 V 180  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.129 @ 87.5 x  
MIN=  8.888 0 188 z  
Figure T.104. Ensembled plot for shoulder vs. knee segment projected onto frontal plane 
angular displacement. 620 
SHOULDER/XMEE_XY  ANGULAR DISPLACEMENT 
F (NORMALIZED TIME)  F (NORMALIZED TIME A VALUE) 
MAX=  4.979 8 45.5  MIN=  0.858 P 93.5  MAX=  5.276 P 13.5  MIN=  0.008  98 
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  1.788 8 44.5  MIN= -1.807 P 99  MAX=  1.274 P 58  MIN= -Z.190 9 99  
1 
SHOUiDERXMiE_Xi ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME 8 VALUE)  
MAX=  2.967 CO 45.5  MIM= -3.416 P 108  MAX=  3.631 9 13  MIN= -2.732 a 99.5  
1 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME A VALUE)  
MAX=  1.562  46  MIN= -1.476 P .5  MAX=  2.309 9 14  MIN= -0.556 P 98.5  
Figure T.105. Continuous statistical plot for shoulder vs. knee segment projected onto 
transverse plane angular displacement. 621 
NORMALIZED TIME  SHOULDERACNEE_XY  ANGULAR DISPLACEMENT 
1 WOOD  1111=111111111111111111110  .....11111111111111111a* 
RANGE OF MEAN VALUES 
MAX=  77.288 V 74.5 x 
MIN=  -8.291 @ .5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  11.891 I? 79.5 x 
MIM=  3.726 @ 11.5 x 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  74.519 @ 75.5 x  
MIN=  -1.521 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  15.086 II 85.5 x  
MIM=  3.550 @ 10 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  68.795 @ 76.5 x  
MIN=  1.062 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  14.136 @ 94 x  
MIM=  3.894 @ 11 x.  
NORMALIZED TIME a VALUE  SHOULDER/XNEE_XY  ANGULAR DISPLACEMENT  
1 WOOD  11/11=llimp- 
RANGE OF MEAN VALUES 
....  
MAX=  8.973 @ 74 x  
MIM=  8.827 @ .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.123 @ 35 x  
MIN=  0.022 @ 74.5 x  
3 IRON  _111111111111111111111111111111111111111.1111ENIIIIi 
RANGE OF MEAN VALUES 
MAX=  8.968 @ 75.5 x 
MIM=  0.821 0 .5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  0.148 0 93 x 
MIM=  0.032 0 74.5 
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.959 @ 76.5 x  
MIM=  0.018 P 1  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.176 P 94.5 x  
MIM=  0.027 P .5 x.  
Figure T.106. Ensembled plot for shoulder vs. knee segment projected onto transverse 
plane angular displacement. 622 
HIP4KNEE_X2  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  3.745 0 Z3  MIN=  8.815 @ .5  MAX=  2.195 0 82  MIN=  0.081 @ 3  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  Z.368 0 83.5  MIN= -8.137 @ 98.5  MAX=  2.318 @ 83  MIN= -1.547 @ 36.5  
HIP/KNEE_XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  2.892 @ Z3.5  MIN= -1.288 @ 98.5  MAX=  1.572 @ 7Z  MIN= -8.973 @ 57.5  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  1.922 8 Z7  MIN= -1.114 P 87.5  MAX=  1.978  39  MIN= -1.477 P 88.5  
Figure T.107. Continuous statistical plot for hip vs. knee segment projected onto frontal 
plane angular displacement. 6-)3. 
NORMALIZED TIME  HIP /KNEE_XZ  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  11.943 0 68.5 z.  
MIN=  -7.104 8 188 z.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.786 P 188 z  
MIN=  2.158 D 11 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.886 0 64.5 z  
MIN=  -6.928 P 100 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  7.298 P 95.5  
MIN=  Z.118 P 6  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.436 8 68 */.  
MIN=  -4.831 P 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  6.661 8 74.5 */.  
MIN=  1.558 EI 5.5 x  
NORMALIZED TIME & VALUE  HIP/EMEE_X2  ANGULAR DISPLACEMENT  
1 WOOD  1111111=11111.m.111111MW  
RANGE OF MEAN VALUES  
MAX=  8.895 0 69 v.  
MIN=  8.186 P 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.216 P 188 z  
MIN=  0.090 II 69.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  0.908 I? 64.5  
MIN=  8.879 P 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.242 P .5 x  
MIN=  8.887 P 41 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.914 @ 59.5 z  
MIN- 8.158 El 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.274 P 13.5 x  
MIN=  0.096 8 51.5 x  
Figure T.108. Ensembled plot for hip vs. knee segment projected onto frontal plane 
angular displacement. 624 
HIP/XNEE_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX= 11.812 Q 98  MIN=  8.811  88  MAX=  4.122 9 99  MIM=  8.881 Q 93.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & UALUE)  
MAX=  1.469 9 55.5  MIM= -2.443 8 97.5  MAX=  2.402  54  MIM= -2.658 9 99  
HIP,XNEE_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.787 El 56.5  MIN= -5.371 Q 98.5  MAX=  2.740 0 74  MIM= -2.526 & 98.5  
T-3 US B (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & UALUE)  
MAX=  1.916 V 28.5 MIN= -2.401 @ 99  MAX=  2.681 9 27  MIM= -1.485 9 99.5  
Figure T.109. Continuous statistical plot for hip vs. knee segment projected onto 
transverse plane angular displacement. 625 
NORMALIZED TIME  HIP,XNEE_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  16.319 @ 31 x  
MIN=  15.383 @ 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  7.358 0 71.5 x  
MIM=  3.823 9 99 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  16.558 0 38 x  
MIM=  -11.931 0 108 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.947 0 68 x  
MIN=  3.838 @ Z5.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  13.159 0 31.5 x  
MIN=  -5.731 EP 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  7.487 @ 93.5 x  
MIN=  3.573 P 48.5 x  
NORMALIZED TIME & VALUE  HIPAMEE_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.908 0 31 x  
MIN=  8.017 0 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.190 @ 93 x  
MIM=  8.818 0 99.5 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.932 0 29.5 x  
MIN=  0.017 0 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.228 @ 66 x  
MIN=  8.828 0 99.5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  6.831 0 33.5 x  
MIN=  0.078 0 180 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.248 0 93 x  
MIM=  0.895 0 99 x  
Figure T.110. Ensembled plot for hip vs. knee segment projected onto transverse plane 
angular displacement. 626 
SHOULDER/R-UPPER-ARM_X2  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME 41 VALUE)  
MAX=  3.144 0 57  MIN=  0.064 0 3.5  MAX=  3.232 0 92.5  MIN=  0.002 0 99  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.897 0 58.5  MIN= -1.551 0 91  MAX=  2.015 0 59.5  MIN= -2.854 8 93.5  
SHOULDER/R-UPPER-ARM_XZ  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  2.753 8 69.5  MIN= -2.254 0 91  MAX=  1.816 0 70  MIN= -2.759 0 92.5  
1 
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.696 8 50  MIN= -0.947 0 91.5  MAX=  0.634 8 .5  MIN= -1.438 8 58.5  
Figure T.111. Continuous statistical plot for shoulder vs. right upper arm segment 
projected onto frontal plane angular displacement. 627 
NORMALIZED TIME  SHOULDER/R-UPPER-ARM_X2  ANGULAR DISPLACEMENT 
1 WOOD  111111  ,181111111 
RANGE OF MEAN VALUES 
MAX=  49.481 0 59.5 x 
MIN=  -18.318 P 94 x 
RANGE OF CONFIDENCE INTERVALS  
MAX=  21.445 a 85.5 x  
MIN=  3.952 P 11 x  
1 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  37.834 0 58 x  
MIN=  -15.831 8 95.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  25.371 P 83.5 x  
MIN=  4.354 P 3 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  36.228 61 59 x  
MIN=  -18.397 0 94.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  17.088 8 84 z  
MIN=  3.684 P 16.5 x  
NORMALIZED TIME & VALUE  SHOULDER/R-UPPER-ARM X2 ANGULAR DISPLACEkENT.  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  0.944 a 59.5 z  
MIN=  8.025 P 94 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.284 V 86 z  
MIN=  8.038 P 94 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.871 V 56.5 x  
MIN=  0.869 8 95 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.268 61 83.5 z  
MIN=  8.866 P 96 z  
11111/11111111 
411111111101 8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.938 P 58.5 z  
MIN=  0.889 P 94.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.218 P 86 z  
MIN=  0.873 0 96.5 z  
Figure T.112. Ensembled plot for shoulder vs. right upper arm segment projected onto 
frontal plane angular displacement. 628 
SHOULDER/R-UPPER-ARM_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  2.539 P 92  MIN=  0.642 P 14.5  MAX=  4.893 P 91.5  min=  8.153 P 99.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  1.757 P 9.5  MIN=  8.249 P 14.5  MAX=  2.483 P 98.5  MIN= -2.212 8 14.5  
SHOUiDE/R-UPPER-Alim_X4  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 VS 8 (NORMALIZED TIME & VALUE)  
MAX=  2.273 P 92  MIN=  8.888 P 14  MAX=  2.782 P 92  MIN= -Z.847 a 14.5  
ow  
T-3 VS 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.839 P 93  MIN= -8.793 8 11  MAX=  1.192 8 93.5  MIN= -2.676 P 25  
Figure T.113. Continuous statistical plot for shoulder vs. right upper arm segment 
projected onto transverse plane angular displacement. 629 
NORMALIZED TIME  SHOULDER/R-UPPER-ARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  1111!"11111111111111111116...  
RANGE OF MEAN VALUES  
MAX=  56.965 I? 91 v.  
MIN=  -8.963 @ 14.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  186.314 @ 70.5 z  
MIN=  16.480 @ 5 v.  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  -4.391 0 .5 x  
MIN=  -48.138 0 98.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  189.823 @ 71 x  
MIN=  18.042 0 .5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  -1.558 @ 12 x  
MIN=  -97.049 @ 94.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  139.534 0 95.5 x  
MIN=  21.985 @ 6.5 z  
NORMALIZED TIME & VALUE  SHOULDER/R-UPPER-ARMIXYANGHLARDISPLACEHENT.  
1 WOOD   -NE 
RANGE OF MEAN VALUES  
MAX=  0.781 0 91 x  
MIN=  8.274 0 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.361 @ .5 x  
MIN=  8.189 @ 28 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.689 @ 14.5 z  
MIN=  0.338 V 108 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.410 @ .5 x  
111m=  0.188 0 45 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.688 0 14 x  
MIN=  0.284 0 99.5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.372 @ .5 x  
MIN=  8.151 0 49.5 z  
Figure T.114. Ensembled plot for shoulder vs. right upper arm segment projected onto 
transverse plane angular displacement. 630 
SHOULDER/L-UPPER-ARM_XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  1.598 P 98  MIN=  8.885 P 49  MAX=  2.149 8 55  MIM=  8.151 8 96  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  8.058 8 54  MIM= -1.562 8 89.5  MAX=  1.904 8 53  MIM= -1.456 0 89.5  
SHOULDER/L-UPPER-AliM_Xi  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  8.516 8 56  MIM= -1.635 9 32  MAX=  1.998 0 66.5  MIM= -1.286 8 98.5  
T-3 VS 8 (MORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  0.787  66  MIM= -8.258 P 100  MAX=  8.815 0 85  MIM= -8.856 P 180  
Figure T.115. Continuous statistical plot for shoulder vs. left upper arm segment 
projected onto frontal plane angular displacement. 
1 631 
NORMALIZED TIME  SHOULDERA-UPPER-ARM_XZ ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  5.459 P 57.5 x  
MIN=  Z7.321 P 91 v.  
RANGE OF CONFIDENCE INTERVALS  
MAX=  43.760 P 91 x  
MIN=  9.788 P 48 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  12.944 Ili 84.5 x  
MIN=  -6.712 8 100 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  42.767 P 90 x  
MIN=  14.264 P 38.5 x  
111111111/1111111111111111111111111111111111111117111(1111111/1111=11111
8 IRON  
RANGE OF MEAN VALUES  
MAX=  5.819 P 81.5 x  
MIN =  -4.618 ki 97 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  38.678 P 98 z  
MIN=  14.368 8 30.5 z  
J 
1  NORMALIZED TIME a VALUE  SHOULDER/L-UPPER-ARMX2  ANGULAR DISPLAC,..ENT.  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.774 P 57.5 x  
MIN=  8.249 a 91 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.383 P 91 x  
MIN=  8.188 a 99 x  
:11111111=1111111111111111111111111111111 3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.782 P 84 x  
MIN=  8.313 8 188 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.410 8 89 z  
MIN=  8.198 P 78 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.668  78.5 z  
MIN=  0.369 P 96.5 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.408 P 98 x  
MIN=  0.175 P03 x  
Figure T.116. Ensembled plot for shoulder vs. left upper arm segment projected onto 
frontal plane angular displacement. 632 
SHOULDER/L-UPPER-ARM_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  1.326  .5  MIN=  0.178 P 96  MAX=  8.915 P 39  MIN.  0.001 P 82.5  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME & VALUE)  
MAX=  8.688 @ 98.5  MIN= -1.288 P .5  MAX=  0.482 P 73.5  MIN= -1.133 P 9Z.5  
SHOULDER/L-UPPER-ARM_XY  ANGULAR DISPLACEMENT  
T-1 VS 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX= -8.181 P 188  MIN= -1.613 P  .5  MAX=  8.589 P 188  MIM. -1.319 P 38.5  
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX. -8.327 P .5  MIN= -1.872 P 32  MAX=  8.788 P 95  MIN= -8.714 P 36  
Figure T.117. Continuous statistical plot for shoulder vs. left upper arm segment 
projected onto transverse plane angular displacement. 633 
NORMALIZED TIME  SHOULDER/L-UPPER-ARM _XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  -9.249 U 7.5 z  
MIN=  -92.696 8 188 X  
RANGE OF CONFIDENCE INTERVALS  
MAX=  75.309 U 97.5 x  
MIN=  23.383 U 3.5 X  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  -8.663 U .5 x  
MIN=  -112.869 U 99.5 X  
RANGE OF COMFIDEMCE INTERVALS  
MAX=  77.848 U 97.5 %  
MIN=  26.939 U 5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  3.198 8 .5 x  
MIN=  -89.516 V 188 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  83.185 8 72.5 x  
MIM=  26.411 8 1 z  
NORMALIZED TIME d VALUE  SHOULDER/L-UPPER-ARM_XY  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  8.836 U 8 x  
MIM=  8.162 V 188  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.326 @ 8 x  
MIN=  8.883 9 36.5 z  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.831 U .5 %  
MIN=  8.138 C 100 X  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.336 U .5 %  
MIM=  0.102 0 38 z  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.809 8 .5 z  
MIN=  0.098 U 100 Z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  8.347 D 7 z  
MIM=  0.106 W 33.5 z  
Figure T.118. Ensembled plot for shoulder vs. left upper arm segment projected onto 
transverse plane angular displacement. 634 
SHOULDER/GOLF-CLUB_X2  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  4.867 P 89.5  MIN=  0.009 8 76  MAX=  3.44Z P 63.5  MIM=  0.007 EP Z4  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME d VALUE)  
MAX=  1.798 P 89.5  MIN= -1.038 P 59  MAX=  8.864 P 98  MIM= -1.733 8 68.5  
SHOULDER/GOLF-CLUB XZ  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME & VALUE)  
MAX=  3.400 8 89.5  MIM= -2.112 8 .5  MAX=  0.563 8 98  MIM= -2.518 8 64.5  
: I : 
T-3 US 8 (NORMALIZED TIME)  1-3 US 8 (NORMALIZED TIME & VALUE)  
MAX=  1.178 8 89.5  MIN= -0.853 0 .5  MAX=  1.142 P 8.5  MIN= -0.993 6 66.5  
Figure T.119. Continuous statistical plot for shoulder vs. golf club segment projected 
onto frontal plane angular displacement. 635 
NORMALIZED TIME  SHOULDER/GOLF-CLUB_X2  ANGULAR DISPLACEMENT  
1 WOOD  
RANGE OF MEAN VALUES  
MAX=  189.561 0 89.5 z  
MIN=  11.592 a .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  Z7.346 0 93 x  
MIN=  6.842 0 26 x  
3 IRON  
RANGE OF MEAN VALUES  
MAX=  175.233 g 89 x  
MIN=  14.598 0 .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  25.949 0 85 X  
MIN=  7.819 g .5 x  
8 IRON  
RANGE OF MEAN VALUES  
MAX=  165.428 g 89 x  
MIN=  16.536 g 3 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  19.783 8 85.5 x  
MIN=  3.401 g .5 x  
NORMALIZED TIME & VALUE  SHOULDER/GOLF-CLUB _XZ  ANGULAR DISPLACEMENT 
1 WOOD  immiogam.1111111 
RANGE OF MEAN VALUES 
MAX=  8.966 g 89.5 z 
MIN=  0.604 g .5 x 
RANGE OF CONFIDENCE INTERVALS 
MAX=  8.133 0 67 x 
MIN=  0.064 g 1.5 z 
3 IRON  
RANGE OF MEAN VALUES  
MAX=  8.955 g 89 x  
AIM=  0.004 g .5 x  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.128 g 83.5 x  
MIN=  8.006 9 1 x  
111111111111111111111111111 
8 IRON  
RANGE OF MEAN VALUES  
MAX=  8.960 g 89 x  
MIN=  8.005 9 3 z  
RANGE OF CONFIDENCE INTERVALS  
MAX=  0.126 9 55 x  
MIA=  8.807 g 4.5 x  
Figure T.120. Ensembled plot for shoulder vs. golf club segment projected onto frontal 
plane angular displacement. 636 
SHOULDER,GOLF- CLUB_XY  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME do VALUE)  F (NORMALIZED TIME)  
MAX=  7.282 EP 19  MIN=  8.002 P 97.5  MAX=  2.719 8 65  MIN=  8.882 8 47.5  
....................................................  
T-1 US 3 (NORMALIZED TIME X VALUE)  
MAX=  8.642 P 84  MIN= -2.367 P 16.5  MAX=  1.378 8 95.5  MIN= -1.388 @ 58  
T-1 US 3 (NORMALIZED TIME)  
11111111111 
N 
SHOULDER,GOLF- CLUB_XY  ANGULAR DISPLACEMENT  
T-1 US 8 (NORMALIZED TIME)   T-1 US 8 (NORMALIZED TIME a VALUE)  
MAX=  Z.8Z3 8 88  MIN= -4.187 g 21  MAX=  1.626 0 94.5  MIN= -Z.338 0 65.5  
T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX.  1.287 g 88 MIN= -1.343 g 21  MAX=  8.791 8 89  MIN= -1.593 8 66.5  
T-3 US 8 (NORMALIZED TIME)  
Figure T.121. Continuous statistical plot for shoulder vs. golf club segment projected 
onto transverse plane angular displacement. 637 
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Figure T.122. Ensembled plot for shoulder vs. golf club segment projected onto 
transverse plane angular displacement. 638 
R-FOREARM/GOLF-CLUB_XZ  ANGULAR DISPLACEMENT  
F (NORMALIZED TIME)  F (NORMALIZED TIME & VALUE)  
MAX=  2.981 0 79.5  MIM=  0.591 0 47.5  MAX=  4.886 0 93.5  MIM=  0.002 0 78.5  
_AMMO  
T-1 US 3 (NORMALIZED TIME)  T-1 US 3 (NORMALIZED TIME A VALUE)  
MAX=  2.224  99  MIN=  8.216 g 94.5  MAX=  1.245 0 99.5  MIN= -1.69e 0 3.5  
2 
R-FOREARM/GOLF-CLUB XZ ANGULAR DISPLACEMENT 
, 
T-1 US 8 (NORMALIZED TIME)  T-1 US 8 (NORMALIZED TIME A VALUE)  
MAX=  2.890 0 78.5  MIN= -2.301 0 93.5  MAX=  1.813 0 79.5  MIM= -3.282 0 93.5  
Ameimi  
T-3 US 8 (NORMALIZED TIME)  T-3 US 8 (NORMALIZED TIME a VALUE)  
MAX= -8.127 0 86  MIN= -1.714 g 93  MAX=  0.832 0 86  MIM= -1.915 g 92.5  
1 
Figure T.123. Continuous statistical plot for right forearm vs. golf club segment 
projected onto frontal plane angular displacement. 639 
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Figure T.124. Ensembled plot for right forearm vs. golf club segment projected onto 
frontal plane angular displacement. 640 
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Figure T.125. Continuous statistical plot for right forearm vs. golf club segment 
projected onto transverse plane angular displacement. 641 
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Figure T.126. Ensembled plot for right forearm vs. golf club segment projected onto 
transverse plane angular displacement. 642 
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Figure T.127. Continuous statistical plot for left forearm vs. golf club segment projected 
onto frontal plane angular displacement. 643 
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Figure T.128. Ensembled plot for left forearm vs. golf club segment projected onto 
frontal plane angular displacement. 644 
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Figure T.129. Continuous statistical plot for left forearm vs. golf club segment projected 
onto transverse plane angular displacement. 645 
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Figure T.130. Ensembled plot for left forearm vs. golf club segment projected onto 
transverse plane angular displacement. 646 
Appendix U. Optimal Golf Swing Model Continuous Stick Figures 647 
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Figure U.1. Optimal golf swing model for DSfrontal view (solid black lines represent 
optimal). 648 
Figure U.2. Optimal golf swing model for DSsagittal view (solid black lines represent 
optimal). 649 
Figure U.3. Optimal golf swing model for DStop view (solid black lines represent 
optimal). 650 
Figure U.4. Optimal golf swing model for ISfrontal view (solid black lines represent 
optimal). 651 
I  
Figure U.5. Optimal golf swing model for ISsagittal view (solid black lines represent 
optimal). 652 
A 
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Figure U.6. Optimal golf swing model for IStop view (solidblack lines represent 
optimal). 653 
Figure U.7. Optimal golf swing model for ASfrontal view (solid black lines represent 
optimal). 654 
Figure U.8. Optimal golf swing model for ASsagittal view (solid black lines represent 
optimal). 655 
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Figure U.9. Optimal golf swing model for AStopview (solid black lines represent 
optimal). 